An Examination of Semiotic Theories of Accounting Accruals. by Etheridge, Harlan Lynn
Louisiana State University
LSU Digital Commons
LSU Historical Dissertations and Theses Graduate School
1991
An Examination of Semiotic Theories of
Accounting Accruals.
Harlan Lynn Etheridge
Louisiana State University and Agricultural & Mechanical College
Follow this and additional works at: https://digitalcommons.lsu.edu/gradschool_disstheses
This Dissertation is brought to you for free and open access by the Graduate School at LSU Digital Commons. It has been accepted for inclusion in
LSU Historical Dissertations and Theses by an authorized administrator of LSU Digital Commons. For more information, please contact
gradetd@lsu.edu.
Recommended Citation




This manuscript has been reproduced from the microfilm master. UMI 
films the text directly from the original or copy submitted. Thus, some 
thesis and dissertation copies are in typewriter face, while others may 
be from any type of computer printer.
The quality of this reproduction is dependent upon the quality of the 
copy submitted. Broken or indistinct print, colored or poor quality 
illustrations and photographs, print bleedthrough, substandard margins, 
and improper alignment can adversely afreet reproduction.
In the unlikely event that the author did not send UMI a complete 
manuscript and there are missing pages, these will be noted. Also, if 
unauthorized copyright material had to be removed, a note will indicate 
the deletion.
Oversize materials (e.g., maps, drawings, charts) are reproduced by 
sectioning the original, beginning at the upper left-hand corner and 
continuing from left to right in equal sections with small overlaps. Each 
original is also photographed in one exposure and is included in 
reduced form at the back of the book.
Photographs included in the original manuscript have been reproduced 
xerographically in this copy. Higher quality 6" x 9" black and white 
photographic prints are available for any photographs or illustrations 
appearing in this copy for an additional charge. Contact UMI directly 
to order.
Univers i ty  Microf i lms In t e rna t i ona l  
A Be4  & Howei l  In fo rma t ion  C o m p a n y  
3 0 0  Nor th  Z e e b  R o a d  Ann  Arbo r  Ml 4 8 1 0 6 - 1 3 4 6  USA 
313  ? 6 1-4 700  8 0 0  5 2 1 - 0 6 0 0
O rder N um ber 9219530
A n e x a m in a tio n  o f  sem io tic  th eories o f  a cco u n tin g  accruals
Etheridge, Harlan Lynn, Ph.D.
T he Louisiana S ta te  University and  A gricultura l and Mechanical Col., 1991
U M I
100 N. Zecb Rd.
Ann Arhor, MI 4X100
AN EXAMINATION OF SEMIOTIC THEORIES 
OF ACCOUNTING ACCRUALS
A Dissertat ion
Submitted to  th e  Graduate  Faculty of th e  
Louisiana S ta te  Univers i ty  and 
Agricul tura l  and  Mechanical College 
in part ia l  fulfillment of th e  
r e q u i re m e n ts  fo r  t h e  d e g re e  of 
Doctor of Philosophy
In
The Department  of Accounting
by
Harlan Lynn E th e r id g e  
B.S., McNeese S ta te  Univers i ty ,  1981
December 1991
ACKNOWLEDGEMENTS
This s tu d y  re f lec ts  t h e  knowledge,  advice, and Influence of a 
m ult i tude  of Individuals .  I am gra te fu l  to  my d is se r ta t io n  committee: Dr. 
Bart  Hartman, Dr. B a rb a ra  Apostolou, Dr. Ye-Sho Chen, Dr. Daryl Guffey, 
and  Dr. Ram Sri ram. The exceptional gu idance  they  p rov ided  eased  th e  
a rd u o u s  d is se r ta t io n  process .  I am especially  indeb ted  to  Dr. Bart  
Hartman, chairman of my d i s se r ta t io n  committee, fo r  th e  encouragem en t  and 
counsel  he p rov ided  t h r o u g h o u t  my doctoral  program.
My apprec ia t ion  Is ex tended  to Dr. Vince B ren ner  for  his a ss i s tance  
in ob ta in ing  a neura l  ne twork fo r  use  in my d is se r ta t ion  and fo r  his 
s u p p o r t  d u r in g  my s tu d ie s  a t  LSU. I am indebted  to  Dr. Char les  Monlezun 
fo r  his  invaluable  help with th e  s t a t i s t i c s  of th i s  s tu d y .  Many t h a n k s  a re  
d u e  to  Ih s san  Alkadi, Ghassan Alkadl, and  t h e  o t h e r  s t a f f  a t  th e  System 
Network Computer Cen te r  fo r  t h e i r  technical  a ss i s tance .
I ex tend  my d e ep e s t  g r a t i tu d e  to  my famiIy for  t h e i r  love and 
encouragem en t  p rov ided  th r o u g h o u t  my doctora l  s tu d ies .  I owe much to 
my p a re n t s ,  Joyce  and  Thomas H. E ther idge .  Their  commitment to  educa tion  
and  knowledge inst il led in me t h e  d e s i re  to  learn. I t  is t h i s  d e s i re  th a t  
gu ided  me th r o u g h  t h e  doctoral program.
Finally, I th an k  th e  Lord God fo r  all th e  b le s s ing s  He has  given me. 
Without His help, none of my accomplishments,  including  th i s  d is se r ta t ion ,  
would have been possible.
ii
To my parents, Joyce and Thomas H. Etheridge
iii
TABLE OF CONTENTS
ACKNOWLEDGEMENTS ....................................................................................................... i i
DEDICATION ........................................................................................................................ i i i
LIST OF T A B L E S  v i  i i
ABSTRACT ............................................................................................................................  x
C h a p t e r
1.  INTRODUCTION ..................................................................................................  1
F o r m u l a t i o n  o f  t h e  R e s e a r c h  Q u e s t i o n s  .......................... 3
S e m i o t i c s ...................................................................................................5
R e s e a r c h  Q u e s t i o n s  ...................................................................  7
I m p o r t a n c e  o f  t h e  R e s e a r c h  Q u e s t i o n s .....................................7
M e t h o d ...................................................................................................................9
O b j e c t i v e s *  S c o p e ,  a n d  L i m i t a t i o n s ........................................18
C o n t r i b u t i o n s  o f  t h e  S t u d y ............................................................ 18
S u m m a r y ........................................................................................................... 19
2 .  LITERATURE REVIEW AND THEORY ........................................................  20
L i t e r a t u r e  R e v ie w  .............................................................................  20
S y n t a c t i c  I n f o r m a t i o n  T h e o r y  ......................................... 20
S e m a n t i c  I n f o r m a t i o n  T h e o r y ................................................. 24
I n f o r m a t i o n  C o n t e n t  o f  A c c o u n t i n g  A c c r u a l s
a n d  C a s h  F l o w s ............................................................................28
D i s c u s s i o n  o f  t h e  L i t e r a t u r e ............................................ 31
S y n t a c t i c  I n f o r m a t i o n  T h e o r y .......................................31
S e m a n t i c  I n f o r m a t i o n  T h e o r y  ...................................  32
I n f o r m a t i o n  C o n t e n t  o f  A c c o u n t i n g  A c c r u a l s
a n d  C a sh  F l o w s ................................................................. 32
C o n t r i b u t i o n  o f  t h i s  R e s e a r c h
t o  t h e  L i t e r a t u r e ................................................................. 34
T h e o r y ................................................................................................................ 34
T h e o r i e s  o f  A c c o u n t i n g  A c c r u a l s ....................................... 34
D a t a ,  I n f o r m a t i o n ,  a n d  K n o w l e d g e .............................35
S e m i o t i c  C o n c e p t s  .............................................................  35
T h e o r y  o f  t h e  F u n c t i o n s  o f  A c c o u n t i n g
A c c r u a l s ................................................................................ 48
i /
T h e o r y  o f  t h e  P r a g m a t i c  I n f o r m a t i o n
o f  A c c o u n t i n g  A c c r u a l s  ......................................... 51
A c c o u n t i n g  A c c r u a l s  a n d  t h e  F i n a n c i a l
S t a t e m e n t  T im e F r a m e s ................................................. 53
S u m m a r y ...........................................................................................................53
3 .  METHOD......................................................................................................................55
T e s t i n g  t h e  T h e o r i e s  o f  A c c o u n t i n g  A c c r u a l s  . . .  55
R e s e a r c h  Q u e s t i o n s .................................................................................56
I n d e p e n d e n t  V a r i a b l e s  ................................................................... 56
D e p e n d e n t  V a r i a b l e s  ........................................................................  56
R e s e a r c h  D e s i g n  ..................................................................................  60
R e s e a r c h  H y p o t h e s e s  ........................................................................  61
R e s e a r c h  H y p o t h e s e s  A s s o c  i a t e d
W i th  D a t a  S e t s ............................................................................61
R e s e a r c h  H y p o t h e s e s  A s s o c i a t e d
W i th  F i n a n c i a l  S t a t e m e n t  T ime F r a m e s .  . . .  62
D a t a  C o l l e c t i o n ...................................................................................... 63
F o r e c a s t i n g  F u t u r e  C a s h  F lo w s  ..............................................  64
N e u r a l  N e tw o r k  A d v a n t a g e s .......................................................64
T r a i n i n g  t h e  N e u r a l  N e tw o r k  a n d
F o r e c a s t i n g  C a sh  F l o w s .......................................................66
M e a s u r i n g  P r a g m a t i c  I n f o r m a t i o n  ......................................... 66
4 .  DATA ANALYSIS...................................................................................................... 69
S a m p le  S e l e c t i o n ......................................................................................69
F o r e c a s t i n g  C a s h  F l o w s .......................................................................73
H y p o t h e s i s  T e s t s ......................................................................................79
R e s u l t s  o f  H y p o t h e s i s  T e s t s  ...................................................  87
5 .  SUMMARY AND CONCLUSIONS............................................................................94
Summary o f  t h e  S t u d y ............................................................................94
I m p l i c a t i o n s ................................................................................................ 95
v
L i m i t a t i o n s ................................................................................................ 99
S u g g e s t i o n s  f o r  F u t u r e  R e s e a r c h .............................................100
REFERENCES................................................................................................................... 103
G l o s s a r y
1. SEMIOTICS............................................................................................................. 109
2 .  NEURAL NETWORKS............................................................................................. 111
A ppend  i x
1. SYNTACTIC REDUNDANCY OF ACCRUAL FINANCIAL
STATEMENTS................................................................................................... 113
2 .  NEURAL NETWORKS............................................................................................. 116
N e u r a l  N e t w o r k s :  A B r i e f  T h e o r e t i c a l
D i s c u s s i o n ......................................................................................... 116
N e u r a l  N e tw o r k  C o m p o n e n t s ..........................................................120
N e u r a l  N e t w o r k s  V e r s u s  C o n v e n t i o n a l  C o m p u t e r s  . . 1 2 3
N e u r a l  N e t w o r k s  V e r s u s  E x p e r t  S y s t e m s ..............................126
3 .  BACKPROPAGATION NEURAL NETWORKS................................................... 129
4 .  THE DELTA R U L E ............................................................................................. 133
5 .  DECISION MODEL FOR DATA ITEM S E L E C T IO N ...............................135
6 .  DECISION MODEL FOR CLASSIFYING DATA ITEMS INTO
DATA TYPES....................................................................................................139
7 .  FIGURES..................................................................................................................142
I n f o r m a t i o n  F u n c t i o n ......................................................................... 143
E n t r o p y  F u n c t i o n ....................................................................................144
v i
Decision Model for Data Item Selection................................................. 145
Decision Model for Classifying Data I t e m s ......................................... 148
8. LETTERS OF P E R M IS S IO N ...................................................................................1 5 0
V I T A .........................................................................................................................................1 5 2
v t I
LIST OF TABLES
T a b l e  P a g e
1. I n d e p e n d e n t  V a r i a b l e s  ............................................................................  13
2 .  R e s e a r c h  D e s i g n ................................................................................................14
3 .  C a t e g o r i e s  o f  D a t a  T y p e ...........................................................................57
4 .  C a t e g o r i e s  o f  F i n a n c i a l  S t a t e m e n t  Time F r a m e ...................... 57
5 .  D e p e n d e n t  V a r i a b l e s  .................................................................................  60
6 .  R e s e a r c h  D e s i g n ............................................................................................... 60
7 .  D a t a  I t e m s ............................................................................................................... 71
8 .  G r o u p i n g  o f  D a t a  I t e m s  by D a t a  T y p e s ............................................72
9 .  S a m p le  S e l e c t i o n ............................................................................................... 73
10 .  N e u r a l  N e tw o r k  P e r f o r m a n c e  T e s t  R e s u l t s  .............................  76
11 .  N e u r a l  N e tw o r k  P e r f o r m a n c e  M e a s u r e s  a n d  E r r o r
M e t r i c s - - Q u a r t e r 1y C a s h - F l o w  D a t a ............................................ 76
12 .  N e u r a l  N e tw o r k  P e r f o r m a n c e  M e a s u r e s  a n d  E r r o r
M e t r i c s — Q u a r t e r l y  C a s h - F l o w  D a t e  P l u s  
S y n t a c t i c a l l y  R e d u n d a n t  D a t a  ................................................... 77
13 .  N e u r a l  N e tw o r k  P e r f o r m a n c e  M e a s u r e s  a n d  E r r o r
M e t r i c s — Q u a r t e r l y  C a s h - F l o w  D a t a  P l u s  
S e m a n t i c a l l y  R e d u n d a n t  D a t a ............................................................ 77
14 .  N e u r a l  N e tw o r k  P e r f o r m a n c e  M e a s u r e s  a n d  E r r o r
M e t r i c s — 1988 A n nu a l  C a sh  F low F o r e c a s t s ........................ 78
15 .  C r i t i c a l  V a l u e s  f o r  H y p o t h e s i s  T e s t s ...........................................81
16 .  E s t i m a t e d  E r r o r  M e t r i c  M e a n s ................................................................84
17 .  V a l u e s  o f  E s t i m a t e d  E r r o r  M e t r i c  M e a n s ...................................... 65
18 .  Means E x a m i n e d .................................................................................................... 86
v i  i i
1 9 .
2 0 .
C o n t r a s t s  a n d  T e s t  S t a t i s t i c s ............................................................ 87
R e s u l t s  o f  H y p o t h e s i s  T e s t s  .............................................................. 93
i x
ABSTRACT
Two theo r ie s  of accounting  a c c ru a l s  form th e  co re  of t h i s  s tu d y .  
The th eo ry  of th e  fu n c t io ns  of account ing  acc ru a l s  is induced from 
o b se rva t io n  of accounting  accrua ls .  One t y p e  of accoun t ing  accrual  
r e f l e c t s  incomplete t r a n s a c t io n s  u n d e r  a  sys tem  of cash  r ec e ip t s  and cash 
d i sb u rse m en ts .  The funct ion  of th e s e  acc ru a l s  is to  convey d a ta  about  
economic e v e n t s  assoc ia ted  with incomplete cash  t ran sac t io n s .  These 
acc ru a l s  a r e  r e f e r r e d  to  as  syn tac t ica l ly  r e d u n d a n t  accrua ls .  The second 
t y p e  of accoun t ing  accrual  p r e s e n t s  m essages  in a d i f fe ren t  format than  
th e i r  c o u n te r p a r t s  in a  sys tem  of cash  r ec e ip t s  and cash  d isb u rsem en ts .  
The funct ion  of t h e s e  acc ru a l s  is to  enab le  accoun t ing  d a ta  u s e r s  to  
p e rce ive  m essages  t h a t  may be u nc lea r  when s ignaled u n d e r  a  sys tem of 
cash  r e c e ip t s  and cash  d i sbu rsem en ts .  These acc ru a l s  a re  r e f e r r e d  to  as  
semantically r e d u n d a n t  acc rua ls .  The th eo ry  of t h e  fu n c t ion s  of  accounting  
acc ru a l s  s t a t e s  th a t  accoun t ing  acc ru a l s  a re  syn tac t ica l ly  r e d u n d a n t  o r  
semantically r e d u n d a n t  in function.  The th eo ry  of t h e  pragmatic  
information of accounting  acc rua ls  s t a t e s  th a t  accoun t ing  acc rua ls  contain  
pragm atic  information b ecause  of t h e i r  funct ions .  A h y p o th es is  associa ted  
with th e s e  theo r ie s  a s s e r t s  t h a t  th e  pragm atic  information of accounting  
acc ru a l s  d e c re a se s  as  th e  financial s ta tem en t  time frame increases .
Cash-flow and  accrual  d a ta  were ob ta ined  from COMPUSTAT and 
p rov ided  to  a  neura l  ne twork  to g e n e ra te  fo rec as ts  of cash  flows from 
opera t ions .  The fo recas ted  cash  flows were used  to  calculate  an e r r o r
x
metr ic  th a t  funct ioned  ae a m easure  of pragm atic  information. A va r ian t  
of t h e  Bonferroni p r o c e d u re  was used  to  d e te c t  d i f fe rences  be tween means 
of e r r o r  m etr ics  and  to  t e s t  r e sea rch  hypo th eses .  The r e s u l t s  indicated 
t h a t  syn tac t ica l ly  and  semantically r e d u n d a n t  accounting  acc ru a l s  contain  
pragmatic  information. Hypothesis  t e s t s ,  however, p rov ided  ev idence  th a t  
only annual  accounting  acc ru a l s  contain  pragm atic  information. Hypothesis  
t e s t s  also indicated  th a t  no d i f fe rence  ex is ts  be tween th e  pragmatic  
information conta ined  in syntac t ica l ly  r e d u n d a n t  accounting  acc rua ls  and 
th e  pragm atic  information conta ined  In semantically r e d u n d a n t  account ing  
accrua ls .  Finally, th e  r e s u l t s  of h y po th es is  t e s t s  p re sen te d  no ev idence  
of a  n ega t ive  re la t ionsh ip  between th e  pragm atic  information of accounting  




Accounting involves communication. Accoun tan ts  communicate
Information to  t h i rd  p a r t i e s  in var ious  ways including financial s ta tem ents ,
a u d i to r  r e p o r t s ,  and  management r e p o r t s .  Despite th e  importance of th e
p ro c e s s  of communication to accounting ,  accounting  r e s e a r c h e r s  have  not
focused  on th e  development of formal th eo r ie s  of th e  accounting
communicative process .  Accounting r e s e a r c h e r s  e i t h e r  have  cen te re d  th e i r
r e s e a rc h  e f f o r t s  on individual pe rcep t ion  and p ro cess in g  of financial
information* o r  have c o n ce n tra ted  on th e  examination of th e  Information
c o n te n t  of accounting  data*. However, th e  emphasis  placed on th e
communication a sp ec t  of accounting  by th e  Financial Accounting S ta n d a r d s
Board (FASB) in th e  S ta tem ents  of Financial Accounting Concepts (SFACs)
and o th e r  promulgations s u g g e s t s  more re s e a rc h  Is des i rab le  on
communication in th e  accounting  p rocess .  For example, SFAC No. t (FASB
1978, 4) s t a t e s  tha t :
Financial s ta te m e n ts  . . . a re  a  principal  means of communicating 
accounting  information . . .
Financial rep o r t in g  includes  not  only financial s ta te m e n ts  bu t  also 
o th e r  means of communicating information t h a t  re la tes ,  d i rec t ly  or  
indirect ly ,  to  th e  information provided  by th e  accoun t ing  system . . .
’ See, for  examples, S ch ro d e r ,  Driver , and S t r e u f e r t  (1967); Driver  
and Mock (1975); and Libby (1981).
* Examples of th i s  a re a  of r e sea rch  include Harmon (1984); Schaefer  
and Kennelley (1986); Wilson (1986, 1987); Bowen, B urg s tah le r ,  and Daley 
(1987); Bublitz, F reck a, and McKeown (1987); and Ismail and Kim (1989).
1
Formal theo r ie s  of communication enabl ing  the  desc r ip t ion  and 
ana lys is  of lan g u a g es  a re  used  extensively  in f ie lds  such  as  psychology 
and l inguist ics .  Accounting r e s e a r c h e r s  began us ing  th e s e  theor ies ,  
especial ly  sy n ta c t ic  information th e o r y 3 (I.e., Shannon  and  Weaver 1949) 
and semantic  Information theory*, In th e  late 1960s and  ear ly  1970s. 
However, accoun t ing  r e s e a r c h e r s  d i rec ted  th e ! r  e f fo r t s  more to w a rd s  
employing communication th e o r ie s  to analyze  financial s ta te m e n ts  than  to 
developing specif ic  theo r ies  of th e  accounting  communicative process .
Because accounting  may be ca tegor ized  as  a t y p e  of language  
(Kleerekoper 1963; Guthr ie  1972; Jain 1973; Belkaoui 1980), examination of 
th e  communication f e a tu r e s  of account ing  and development  of  theor ies  th a t  
explain and d e sc r ib e  th e s e  f e a t u r e s  should  be a  p a r t  of t h e  evolution of 
th e  accounting  discipline.  Theories th a t  d e sc r ib e  th e  accounting  
communicative p ro c e s s  should  fo s te r  ref inement  of th e  means of 
communication in acco u n t in g —accounting  re p o r t s .  In pa r t icu la r ,  th eo r ie s  
of th e  accounting  communicative p rocess  should e n co u rag e  th e  examination 
of th e  components  of accounting  re p o r t s .  This examination of accounting 
r e p o r t s  may lead to  a more th o ro u gh  u n d e r s t a n d in g  of th e  n a tu r e  of th e  
accounting  communicative process .  Accounting acc rua ls  a r e  one of the  
components  of  accounting  r e p o r t s  t h a t  could be examined with 
communication theo ry .
3 Examples inc lude  Lev (1969a, 1969b, 1970); Lee and Bedford (1969); 
Ronen and Falk (1973); Abdel-khalik  (1974); Babich (1975); Gorelik (1975); 
Belkaoui (1976); and  Pend lebury  (1980).
* See, for  examples, Nakano (1972); Haried ( 2); Ja in (1973); Oliver
(1974); and  Belkaoui (1980).
3
Many s tu d ie s  examined th e  information c o n te n t  of accrual  account ing
d a ta  v e r s u s  cash  flows or  f u n d s  flows. However, th e s e  s tu d ie s  did not
have  t h e  a d v a n ta g e  of th eo ry  support®. Bedford (1965) commented th a t
th e  c o n t r o v e r s y  s u r r o u n d in g  th e  b en e f i t s  of  accrual  accoun t ing  d a ta
v e r s u s  th e  benef i t s  of cash-flow da ta  would co n t in ue  until  a  genera l  th eo ry
of acc ru a l s  was available. Bedford (1965, 29) a s s e r t e d  tha t :
. . . t h e r e  a p p e a r s  to  be no sa t i s fac to ry  explanation of th e  n a tu r e  of 
t h e  accrual  concept ,  nor  a re  su f f ic ien t  r ea so ns  s e t  fo r th  explaining 
why it should  be used ,  and  t h e r e  ex is ts  no overall  au th o r i ta t iv e  
s ta tem en t  Indicating where  th e  concep t  should  be used ,  o r  how th e  
accrual  Is to  be computed.
The p u r p o s e  of th i s  s tu d y  Is to  develop and t e s t  semiotic th eo r ie s  
of accoun t ing  accrua ls .  Semiotics encom passes  sy n ta c t ic  information th eo ry ,  
semantic  information th eo ry ,  and pragmatic  information theo ry .  This s tu d y  
u se s  concep ts  from sy n ta c t ic  information th eo ry  and  semantic  information 
th e o ry  to  explain t h e  fu n c t ion s  of accounting  accrua ls .  Pragmatic  
information th e o ry  Is used  to  define  and examine th e  value  of accounting  
accruals .
Formulation of th e  Research Quest ions
S c ru t in y  of s t u d ie s  examining th e  Information co n ten t  of accrual  
e a r n in g s  (or  th e  incremental  information co n te n t  of accrual  account ing  
da ta )  and th e  information con ten t  of cash  flows o r  f u n d s  flows revea ls  
incons is tenc ies  in th e  resu l ts ,  Two poss ib le  ra t ionales  exis t  fo r  th i s
® Fawcett  and Downs (1986, vii) comment t h a t  ". . . t h e  pauci ty  of 
recognizab le  theory  In some d isc ip l ines  is due  to in v e s t ig a to r s '  f a i lu re  to 
be explicit  about  t h e  theore t ical  components  of th e i r  s tu d ies ."  I t  Is 
poss ible  t h a t  pa s t  s tu d i e s  examining t h e  information co n te n t  of account ing  
acc ru a l s  a n d / o r  cash  flows were based on u n s ta te d  theo r ie s  of acc ru a l s  
a n d / o r  cash flows. However, no p rev io u s  s tu d y  has  explicit ly exp re ssed  
a formal th eo ry  of accoun t ing  accruals .
A
si tuat ion.  F i rs t ,  a  lack of theory  leads  to  incons is tency  of va r iab les  
t e s te d ,  re su l t in g  In r e s t r i c te d  general izabi l i ty  a c ro s s  var iab les .  With a 
guid ing  th e o ry ,  t h e  u se  of multiple c o n s t r u c t s  (and v a r iab les )  may be 
p re fe ra b le  to  t h e  utilization of t h e  same c o n s t r u c t  (or  va r iab le )  a c ro s s  
studies*. The ab sen c e  of a th eo ry  to  d i r e c t  r e s e a rc h ,  however,  r ed u c es  
t h e  abil ity of r e s e a r c h e r s  to compare and c o n t r a s t  th e  r e s u l t s  of th e  
v a r iou s  s tu d ie s .  Second, some of th e  s ta t is t ica l  methods used a re  not 
su i tab le  in s i tu a t io ns  where  the  da ta  con ta ins  a  high level of noise. The 
convers ion  of accrual  accounting  d a ta  to  cash-f low d a ta  is a lways less  th an  
p e r fe c t  and  consequen t ly ,  t h e  r e su l t in g  cash-f low da ta  conta ins  noise. 
Databases,  su c h  as  COMPUSTAT, f r e q u e n t ly  used  in th e s e  s tu d ie s  also a re  
s o u r c e s  of noise7. The trad i t ional  s ta t is t ica l  t e c h n iq u e s  employed in th e  
accrual  v e r s u s  cash-f low information c o n te n t  s tu d i e s  may yield inaccura te  
a n d / o r  n o r . - in te rp re tab le  r e s u l t s  in such  situations®.
No p rev io u s  r e sea rch  has  p roposed  a  formal th eo ry  of account ing  
accrua ls .  Theories  of accoun t ing  acc ru a l s  based  upon semiotics a re  cen t ra l
The u se  and te s t in g  of mult iple c o n s t r u c t s  r e d u c e s  th e  t h r e a t  from 
mono-operation bias and th u s ,  e n h an c es  c o n s t r u c t  validi ty  a c ro s s  s tu d ie s  
(Cook and Campbell 1979).
7 See Cook and Campbell (1979) for  a d iscussion  of th e  limitations of 
archival  data .
A
As t h e  noise level in d a ta  inc reases ,  t h e  s ize of t h e  e r r o r  term of 
models developed with t radi t ional  s ta t is t ica l  t e c h n iq u e s  su c h  as  reg ress ion  
ana lys is  a n d  ANOVA increases .  As th e  e r r o r  term en la rg es ,  t h e  potential  
fo r  he te ro sced as t ic i ty  grows.  If h e te ro scedas t ic l ty  is p r e s e n t  In th e  da ta ,  
t h e  est imated coeff ic ien ts  t h a t  r e s u l t  from th e  use  of th e s e  models will be 
unbiased  b u t  will not  be th e  most e ff ic ient  es t im ators  of th e  t r u e  
coeff icients . More important ly ,  moderate  levels  of he te ro sced as t ic i ty  can 
ser iously  a f fec t  t h e  a lpha  level and power of t e s t s  u s ing  t radi t ional  
s ta t is t ica l  t e c h n iq u e s  and  will Invalidate  th e  u se  of th e  t e s t s  (Berenson, 
Levine, and  Goldstein 1983, 66).
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to  th i s  s tu d y .  However, before  th e  r e s e a rc h  qu es t io ns  a re  exp re ssed ,  
co n ce p ts  essent ia l  to  semiotics a r e  defined.
Semiotics
Syntactic information theory  Is conce rned  with t h e  probabi l i ty  of 
o c c u r r e n c e  of ev en ts .  The g r e a t e r  th e  probabi l i ty  of an e v e n t  oc cu r r in g ,  
t h e  smaller th e  sy n ta c t ic  information contained in t h e  r e p o r t  of i ts  
o c c u r ren c e .  Conversely ,  th e  smaller  th e  probabi l i ty  of an e v e n t  oc cu r r in g ,  
t h e  l a r g e r  th e  sy n ta c t ic  Information conta ined  in th e  r e p o r t  of  its 
o c c u r r e n c e  (Bostwick 1968).
Semantic information theory  involves th e  re la t ionsh ip  between s ig n s  
and re fe re n t s .  Consequently ,  semantic  information th eo ry  is used  to 
in v es t iga te  and  analyze  th e  meaning of data .  It  is impractical to m easure  
th e  semantic  Information of d a ta  in rea l-world  s i tu a t io n s9, e.g.,  o b je c t  -  
lan g uages  such  as  English o r  French.  However, t h e  c o n c e p ts  of semantics  
can be used  to  d e sc r ib e  o b je c t - l a n g u a g e s .
Pragmatic information theory  is conce rned  with t h e  va lue  of d a ta  to 
indiv iduals .  The amount of pragmatic  information in a  message  is 
d e p e n d e n t  upon th e  individual  rece iv ing  th e  message. The pragmatic  
Information conta ined  in a message m ust  be cons idered  in th e  context  of 
t h e  individual rece iv ing  th e  message.
Whenever t h e r e  ex is ts  a  s e r ie s  of possible  e v en ts ,  t h e  expected  
sy n ta c t ic  information of a message re la ted  to  th i s  s e r i e s  of e v e n t s  is called 
entropy. E n tropy  is zero  when th e  probabi l i ty  of o c c u r re n c e  of any e v e n t  
(of all poss ible  e v e n t s )  is 1 and in c re ase s  to  a maximum when th e
9 See C herry  (1978) fo r  a  d iscussion  of a p p ro p r ia te  u se s  of m easu re s  
of semantic  Information conten t .
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probabi l i t ies  of all poss ible  e v e n t s  a re  equal.  The amount of en t ropy  also 
Increases  a s  th e  num ber  of poss ib le  e v e n t s  increases .
Syntactic noise Is d e sc r ib ed  as  d is to r t ion  of th e  communication 
s igna ls .  Semantic no/se, In c o n t r a s t ,  can be defined as  d is tor t ion  of th e  
message  t ran sm i t ted .  In o th e r  words, a  message is t r ansm i t ted ,  b u t  is 
m isunders tood  by t h e  receiver .  Noise r e q u i r e s  th e  need for  additional 
e f fo r t  in th e  determination of t h e  original message,  and  noisy s igna ls  n e v e r  
r ed u c e  th e  amount of u n c e r ta in ty  s u r r o u n d in g  a communication to  zero 
(Nakano 1972).
Conditional entropy  is t h e  ". . . a v e ra g e  amount of remaining 
u n c e r ta in ty  a f t e r  receiving a noisy s ignal.  . ." (Nakano 1972, 695). The 
a v e ra g e  amount of syn tac t ic  information th a t  can be communicated on a 
noisy channel  is t h e  d if fe rence  between the  e n t ro p y  and th e  conditional 
e n t ro p y  of a  given information sou rce  and is calfed equivocation (Nakano 
1972).
Redundancy is a  s ta te  where  the  information o r  expected  information 
of a message  is lower th an  i ts  capaci ty  for  information due  to da ta  in the  
message t h a t  conveys  no information10. It  seems tha t ,  a t  f i r s t  glance,  
re d u n d a n c y  s e r v e s  no useful  purpose .  However, th e  p re s e n c e  of 
r ed u n d a n c y  in a noisy channel makes th e  in te rp re ta t io n  of a  message  
possible  (Hyv&rinen 1968).
Two t y p e s  of re d u n d a n c y  a re  d i f fe ren t ia ted :  syntactic redundancy 
and semantic redundancy. Syn tac t ic  red u n d a n cy  is th e  ex is tence  of coding
10 This definition re f lec ts  th e  t radi t ional  phi losophy of r e d u n d a n t  
d a ta  in sy n ta c t ic  information theo ry .  In th i s  s tu d y ,  th e  concept  of 
syn tac t ic  red u n d a n c y  is expanded  to  encompass da ta  th a t  acqu i re  th e  
information con ten t  of th e  original  d is to r ted  data .  Semantic r ed u nd an cy  
also is used in th is  s tud y .
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(da ta )  beyond th a t  needed  to  convey a message. The excess da ta  does not 
c h a n g e  th e  meaning of th e  or iginal  message.  Semantic re d u n d a n c y  Is th e  
ex is tence  of d a ta  beyond th e  signal of a message t h a t  p r e s e n t s  th e  
message in a d i f f e ren t  format.
Research Quest ions 
The primary r e s e a rc h  qu e s t io n s  a d d re s s e d  in th is  s tu d y  are:
1. Do syn tac t ica l ly  r e d u n d a n t  accounting  acc rua ls  p o s s e s s  pragmatic  
information?
2. Do semantically r e d u n d a n t  accounting  acc rua ls  p o s s e s s  pragmatic  
information?
3. Do syn tac t ica l ly  r e d u n d a n t  accounting  acc rua ls  p o sse s s  a level of 
p ragmatic  information d i f fe ren t  from th e  level of pragmatic  
information p ossessed  by semantically r e d u n d a n t  accounting  
acc rua ls?
4. Does the  pragm atic  information conta ined  in accounting  acc rua ls  
diminish as  t h e  financial s ta tem en t  time frame increases?
Im portance  of the  Research Quest ions 
Business  scho la rs  in d isc ip l ines  o th e r  th an  accounting  quest ion  the  
va lue  of accoun t ing  accruals .  For example, Copeland and Weston (1988, 
362-363) remark:
I n v e s to r s  should  ca re  only about  th e  cash-f low implications of va r ious  
c o rp o ra te  decisions. However, co rpo ra t ions  r e p o r t  accounting  [accrual]  
def in i t ions  of ea rn in g s ,  not cash  flow, and f re q u e n t ly  th e  two a re  not 
rela ted.
Copeland and  Weston (1979, 226) also comment th a t  th e  r e s u l t s  of severa l  
a ccoun t ing  s tu d ie s  (S u n d e r  1973; S u n d e r  1975; Kaplan and Roll 1972) 
indicate  t h a t  ". . . i n v es to r s  actually d iscoun t  cash  flows and d i s r e g a rd  
c h an g e s  in e p s  [accounting  accrua ls ]  which do not ref lect  real economic 
e ven ts ."
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While Copeland and Weston (1988) p resum e t h a t  accoun t ing  acc rua ls  
a r e  u n re la ted  to  f u t u r e  cash  flows, th i s  s t u d y  p ro v id e s  a  th eo ry  re la t ing  
accounting  acc ru a l s  to  f u t u r e  cash  flows. This r e s e a rc h  s u g g e s t s  t h a t  t h e  
value of  accounting  acc ru a l s  is rela ted to  t h e  enhancem ent  of t h e  accu racy  
of pred ic t ion  of p ro sp ec t ive  cash  flows. Consequently ,  th i s  s tu d y  does not 
d i sp u te  t h e  contention  th a t  da ta  items re la ted  to  p ro sp e c t iv e  cash  flows 
have  value, b u t  maintains t h a t  accounting  acc ru a l s  a r e  re la ted  to f u t u r e  
cash  flows and can be  used to  en h an c e  th e  pred ic t ion  of cash  flows.
Accounting d a ta  have d i f f e ren t  va lues  In d i f f e ren t  s i tua t ions .  If 
accoun t ing  acc ru a l s  have  no va lue  to  u s e r s  of accounting  da ta  in a specif ic  
s i tua t ion ,  then  those  accrua ls  should  be examined to  de te rm ine  If they  have 
a p u rp o se  in th a t  s i tuat ion .  For example, one accoun t ing  d a ta  item may 
have value  to  in v e s to r s  but  no value to  m anagers  of a  firm. That da ta  
item should be included in financial r e p o r t s  for In v es to rs  b u t  possibly may 
be eliminated from financial r e p o r t s  for  m anagers .  The value  of accounting  
acc rua ls  can be examined only in th e  contex t  of a  specif ic  si tuat ion.  The 
s i tuat ion  examined by th is  s tu d y  is external  financial repor t ing .  
Implications of th e  r e s u l t s  of th i s  s tu d y  for  financial rep o r t in g  only apply 
to  th i s  context.
Research q u e s t io n s  1, 2, and  3 a d d r e s s  the  i s sue  of w he ther  specif ic
ty p e s  of accounting  acc ru a l s  have  value. The s ign if icance  of th is  m at ter
is noted by Copeland and Weston (1988, 363):
Does an eff ic ient  m arke t  took at  t h e  effect  of managerial decis ions on 
[accrual]  e a r n in g s  p e r  s h a r e  (eps)  o r  cash  flow? This is not an 
un im por tan t  ques t ion  . . .
Financial r e p o r t s  a re  i ssued  fo r  p e r iods  of va r io u s  du ra t ions .  
Quar te r ly  and annual  financial rep o r t in g  pe r iods  a r e  s t a n d a r d  time frames
9
in ex te rnal  financial rep o r t ing .  In te rna l  financial r e p o r t s  can encompass 
p e r io ds  ran g in g  from less  than  one  day to  severa l  decades .  This s tu d y  
h yp o th es izes  a  nega t ive  re la t ionship  between th e  value  of  accounting  
acc ru a l s  and  t h e  f inancial r e p o r t in g  period.  The re la t ionsh ip  is n ega t ive  
because  th e  noise in t ro du ced  Into cash-f low r e p o r t s  by per iod ic  r e p o r t in g  
d e c re a se s  in relation to  t h e  total signal as  t h e  time period covered  by th e  
r e p o r t s  inc reases .  Conversely ,  t h e  noise In t roduced  into cash-f tow r e p o r t s  
by periodic  r e p o r t in g  inc reases  in relation to  th e  total  s ignal as the  time 
period covered  by th e  r e p o r t s  dec reases .  Any r e d u n d a n t  d a ta  (accrua ls )  
in t roduced  into  financial r e p o r t s  con ta ins  less  pragmatic  information as th e  
financial r e p o r t  time frame In c reases  b ecause  of the  reduc t ion  in th e  noise-  
to -s igna l  ra t io  ( ac c ru a ls  have  less  value);  however ,  th i s  r e d u n d a n t  d a ta  
con ta ins  inc reas ing  pragmatic  information as th e  financial r e p o r t  time frame 
d e c re a se s  because  of  th e  inc rease  in th e  no ise - to -s igna i  ra t io  ( ac c ru a ls  
have g r e a t e r  value). For example, an accoun t ing  accrual  may have  value 
in a q u a r t e r ly  financial r e p o r t  b u t  may be without value  in an annual 
financial repo r t .  Because th is  s t u d y  hy p o th es izes  t h a t  th e  va lue  of 
accoun t ing  acc ru a l s  decl ines  with in c re a s e s  in t h e  financial r e p o r t in g  
period,  a  determination  must  be made of t h e  va lue  of acc ru a l s  in th e  
contex t  of time frames re levan t  to  ex ternal  financial repo r t in g .  Research 
quest ion  4 c o n s id e r s  th is  matter .
Method
Quar te r ly  and annual accounting  da ta  from th e  balance shee t ,  income 
s ta tement ,  and  s ta tem en t  of c h an g e s  In financial position (SCFP) were 
g a th e red  from COMPUSTAT fo r  a  sample of f i rms o v e r  a t h r e e  yea r  period.  
Both q u a r t e r ly  and annual  d a ta  from th e  f i r s t  y e a r  were used  to t ra in  a
10
neura l  ne twork  t h a t  fo recas ted  f u t u r e  cash  flows. Quar te r ly  and annual 
d a ta  from th e  second and  th i rd  y e a r s  were used  to  p red ic t  f u t u r e  cash  
flows and de te rm ine  th e  accu racy  of th e  cash-f low pred ic t ions .  The sample 
included all m an u tac tu r ing  f i rms ( s t a n d a r d  indus t r ia l  codes  2000 to  3999) 
b u t  was limited to f i rms for  which ail q u a r t e r ly  and  annual  da ta  from th e  
f i r s t  q u a r t e r  of  1906 to  t h e  last q u a r t e r  of 1988 were available. The 
sample also was r e s t r i c te d  to f i rms for  which cash flows from o p e ra t io n s11, 
accrual  e lements  of e a rn in g s ,  and  accrual  ba lance  sh e e t  items were 
available fo r  t h e  e n t i r e  period u n d e r  examination.
The d a ta  used  in th is  s t u d y  included th e  cash,  cash  flows from 
o p e ra t io n s 13, accrual  components  of e a r n in g s  from opera t ions ,  and th e  
accrual  components  of th e  ba lance  s h e e t 13. Balances in th e  cash account  
were g a th e red  from th e  balance shee t .  Cash flows from o p e ra t ion s  was 
obtained  from th e  SCFP for  all companies in th e  sample. Syntact ica lly  
r e d u n d a n t  acc ru a l s  and semantically r e d u n d a n t  acc ru a l s  from t h e  income 
s ta tem en t  were g a th e red  from th e  SCFP1*. The accrual  components  of th e
11 This requ i rem en t  r e s t r i c te d  th e  sample to  f i rms t h a t  used  th e  cash  
bas is  of r e p o r t in g  on t h e  SCFP.
12 A sys tem  of  cash  rece ip t s  and  cash  d i sb u r se m e n t s  con ta ins  two 
items of i n te r e s t  to  th is  s t u d y —cash and cash  flows. Because th is  s tu d y  
focuses  on ope ra t ions ,  cash  and  cash  flows from o p e ra t io n s  were used  and 
collectively d e sc r ibed  a s  cash-flow data .
13 Only balance sh e e t  items assoc ia ted  with o p e ra t io n s  were used ,  e.g, 
a ccoun ts  receivable ,  Inven to ry ,  and acco un ts  payable.  Most balance sh ee t  
items assoc ia ted  with e i th e r  f inancing  o r  inv es t in g  ac t iv i t ies ,  e.g.,  
equ ipm ent  and long- te rm  notes  payable,  were excluded because  they  a re  
not  re la ted  to  cash  flows from opera t ions .
’* APB No. 19 re q u i r e d  t h a t  noncash  Items (accrua ls )  be used  in 
de te rmin ing  income r ep o r te d  on th e  SCFP. Consequently ,  accrual  d a ta  was 
ob ta ined  from t h e  body of th e  SCFP. If insuff ic ien t  accrual  d a ta  was 
r ep o r te d  on a f i rm 's  SCFP, addit ional  accrual  d a ta  was d e r ived  from the  
f i rm 's  balance sh e e t  and Income s ta tement .
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balance  sh e e t  also were g a th e red  and classif ied a s  e i th e r  syn tac t ica l ly  o r  
semantically r e d u n d a n t  a c c ru a l s 15.
Syntact ica l ly  r e d u n d a n t  account ing  acc rua ls  a r e  used to  signal
messages  a bou t  economic ac t iv i ty  t h a t  a r e  not r e p o r te d  u n d e r  a  sys tem  of
cash  r e c e ip t s  and c ash  d i sb u rsem en ts .  This economic ac t iv i ty  Is con t inuous
and c anno t  be en t i re ly  r e p r e s e n te d  by d i s c re t e  cash  t ran sac t ion s .
Consequently ,  periodic  r e p o r t in g  u n d e r  a sys tem  of cash  rec e ip t s  and  cash
d i sb u r se m e n ts  can be viewed as  a so u rc e  of sy n ta c t ic  noise because  some
m essages  a re  not s ignaled.  The p u r p o s e  of syn tac t ica l ly  r e d u n d a n t
accoun t ing  a c c ru a l s  is to  r e d u c e  th is  sy n ta c t ic  noise. Bedford (1965, 30)
comments on t h i s  s i tuat ion:
. . . [cash]  t r a n s a c t io n s  a r e  of ten  inad eq u a te  for  th e  task  of reveal ing 
b u s in e s s  ac t iv i ty .  Extensive use  of  th e  accrual  p rocess  s u g g e s t s  t h a t  
t r a n s a c t io n s  a re ,  to  accou n tan ts ,  merely means for  reco rd ing  activ i t ies. 
The Implication is t h a t  t r a n s a c t io n s  a r e  not th e  only ac t iv i t ies  which 
a c c o u n ta n ts  should  record .  In fact ,  t h e  in te rp re ta t io n  may be made 
th a t  exchange  t r a n s a c t io n s  a re  merely expedien t  po in ts  useful  In 
reco rd ing  economic ac t iv i ty  and th a t ,  a s  m ethods for  measuring  ac t iv i ty  
improve, It may become poss ible  and  a p p ro p r ia te  to de-em phas ize  th e  
importance  of th e  t r an sac t io n  concep t  o r  e v e n t  to  d rop  it.
Examples of syn tac t ica l ly  r e d u n d a n t  accounting  acc ru a l s  include  accoun ts
receivable  and accoun ts  payable.  Accounts receivable  indicates  an amount
of money owed to th e  firm while accoun ts  payable  r e p r e s e n t s  an amount of
money owed by th e  firm. Neither of t h e s e  items a re  r e p o r te d  u n d e r  a
sys tem  of cash  r ec e ip t s  and cash  d i sbu rsem en ts .
Semantically r e d u n d a n t  accounting  acc ru a l s  r e s t a t e  messages  rep o r ted  
u n d e r  a sys tem of cash rec e ip t s  and cash  d i sb u rse m en ts  in o r d e r  to
15 Although t h e s e  acc ru a l s  a re  th e  re su l t  of many pe r iods  of b u s in e ss  
ac t iv i ty ,  they  r e p r e s e n t  potential  cash  inflows and potential  cash  outflows. 
Accordingly,  balance sh e e t  a cc ru a l s  assoc ia ted  with o p e ra t io n s  were used 
in th e  pred ic t ion  of cash  flows from opera t ions .
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prov ide  a b e t t e r  r e p re se n ta t io n  of u n de r ly in g  economic ac t iv i ty .  A sys tem  
of cash  r e c e ip t s  and  cash  d i sb u rse m e n ts  t r e a t s  economic act iv i ty  as  having  
no e ffec t  on th e  firm beyond th e  c u r r e n t  period. Semantically r e d u n d a n t  
accoun t ing  a c c ru a l s  c o r r e c t  th i s  flaw by rep o r t in g  economic act iv i ty  o v e r  
a more a p p ro p r i a te  time period.  Examples of  semantically r e d u n d a n t  
accoun t ing  acc ru a l s  include  inven to ry  and deprecia t ion .  Both inven to ry  
and deprecia t ion  expense  th e  cos t  of a s s e t s  in pe r iods  when th e  a s s e t s  
g e n e r a te  rev en ues .  The cos ts  of th e s e  a s s e t s  a r e  r e p o r te d  a s  cash  
d i sb u r se m e n t s  u n d e r  a  sys tem  of cash  rece ip ts  and cash d isbu rsem en ts .
A 2 X 3 factorial  des ign  was used in th i s  re sea rch .  The f i r s t  
in d ep e n d en t  variable ,  da ta  type ,  had t h r e e  i n s t a n c e s —cash and cash  flows 
from o p e ra t io n s  (cash-f low data) ,  cash-flow d a ta  p lus  syntac t ica l ly  
r e d u n d a n t  accoun t ing  accrua ls ,  and cash-f low d a ta  p lus  semantically 
r e d u n d a n t  account ing  data. The second in d e p e n d e n t  variable ,  financial 
s ta tem en t  time frame, had two in s ta n c e s—q u a r t e r ly  and annual .  See Table 
1 fo r  a  desc r ip t ion  of th e  in d ep en d en t  var iab les .  Cash flows from 
o p e ra t io ns  one  q u a r t e r  into th e  f u t u r e  was the  d e p e n d e n t  va r iab le  fo r  th e  
q u a r t e r ly  financial s ta tem en t  time frame. Cash flows from o p e ra t io n s  one  
y e a r  into th e  f u t u r e  was th e  d e p e n d e n t  va r iab le  fo r  the  annual  financial 
s ta tem en t  time f ram e’®.
’* Pragmatic  information of account ing  a c c ru a l s  was opera t ional ized  
in th is  r e s e a r c h  a s  t h e  abil ity to  p re d ic t  f u t u r e  cash  flows. Prev ious  
accounting  s tu d ie s  have  defined information co n te n t  of accounting  da ta  as  
th e  genera t ion  of abnormal r a te s  of r e t u r n  o r  of s tock p r ice  changes .  
However, t h e s e  defin i t ions  of information con ten t  assume t h a t  accounting  
d a ta  items have  sy n ta c t ic  information con ten t ,  semantic  Information con ten t ,  
and pragmatic  information conten t .  This s t u d y  isolated pragmatic  
information by d i s r e g a rd in g  th e  sy n ta c t ic  and semantic  information of 
accounting  accrua ls .  Accrual da ta  may have been communicated to  u s e r s  
be fo re  th e  re lease  of financial s ta tem en ts  th r o u g h  so u rces  o th e r  than  





1. cash-f low da ta  (CF)
2. cash-f low da ta  p lus  
syn tac t ica l ly  r e d u n d a n t  d a ta  
(CF + SYN)
3. cash-f low da ta  p lus  
semantically r e d u n d a n t  d a ta  
(CF + SEM)
1. q u a r t e r ly
Financial S ta tement  Time Frame
2. annual
The 2 X 3  factorial  r e sea rch  design  used  in th i s  s tu d y  was a 
funct ion  of th e  in d ep e n d en t  v a r ia b le s—2 financial s ta tem en t  time frames 
(q u a r t e r ly  and annual)  X 3 da ta  t y p e s  [cash and cash  flows from 
o p e ra t io n s  (cash-flow data) ,  cash-f low d a ta  p lus  syn tac t ica l ly  r e d u n d a n t  
accoun t ing  accrua ls ,  and  cash-f low d a ta  p lu s  semantically r e d u n d a n t  
accoun t ing  data] .  Table 2 p r e s e n t s  a  diagram of  th e  r e s e a rc h  design  
employed in th is  s tu d y .  Cash-flow da ta  Is r e p r e s e n te d  by CE, syntact ica l ly  
r e d u n d a n t  acc rua ls  a r e  r e p r e s e n te d  by SYN, and semantically r e d u n d a n t  
acc ru a l s  a re  r e p r e s e n te d  by SEM.
of sy n ta c t ic  Information of accounting  accrua ls .  Accrual d a ta  also may 
have  no meaning to  use rs .  The ab sence  of meaning would re su l t  in th e  





Quar te r ly  Data CF CF +■ SYN CF + SEM
Annual Data CF CF + SYN CF + SEM
A neural  ne twork was used to s t r u c t u r e  th e  r e la t ionsh ips  be tween 
th e  in d e p e n d en t  va r iab le s  and t h e  d e p e n d e n t  v a r iab le s  and  to p red ic t  
f u t u r e  cash  flows. To utilize th e  neural  ne twork ,  the  da ta  se t  was divided 
Into two s u b s e t s :  (1) a t r a in in g  sample and  (2) a holdout sample. The 
t ra in in g  sample was used  to teach  th e  network th e  re la t ionsh ips  between 
th e  in d e p e n d en t  and d e p e n d e n t  va r iab les  and consis ted  of th e  1986 
q u a r t e r ly  and annual  data .  The holdout sample was used  to t e s t  th e  
r e sea rch  q u e s t io n s  and cons is ted  of th e  1987 t h r o u g h  1988 q u a r t e r ly  and 
annual  data . The q u a r t e r ly  da ta  and annual da ta  were examined 
se p a ra te ly .  The q u a r t e r ly  da ta  was used  to in v es t ig a te  th e  amount of 
pragmatic  information in accounting  acc rua ls  o v e r  a  s h o r t  time frame while 
t h e  annual  da ta  was used to  inves t iga te  the  amount of pragmatic  
Information in accounting  acc rua ls  o v e r  a longer  time frame. The neura l  
ne twork  f i r s t  was t r a in ed  with t h e  1986 q u a r t e r ly  da ta  and once t h e  
t r a in in g  was completed, th e  q u a r t e r ly  d a ta  was prov ided  to  t h e  network for 
t h e  f i r s t  q u a r t e r  of 1987. The neura l  ne twork p red ic ted  th e  cash  flows 
from o p e ra t io n s  for  th e  second q u a r t e r  of 1987 based on th i s  data.  Data 
from th e  second q u a r t e r  of 1987 was then  given to  th e  network and was 
used to  p re d ic t  th e  cash  flows from o p e ra t io ns  fo r  th e  t h i r d  q u a r t e r  of
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1987. This s e q u e n c e  was performed fo r  all q u a r t e r s  In 1987 th r o u g h
19881*. The neura l  ne twork  was then  re t ra in e d  with th e  1988 annual data.  
When th is  t r a in in g  was complete, th e  neura l  ne twork  was given th e  1987 
annual  d a ta  and  p red ic te d  cash  flows from o p e ra t io n s  fo r  t h e  year  1988. 
This p r o c e d u re  was performed for  all t h r e e  d a ta  types .
After  th e  neura l  ne twork p red ic ted  f u t u r e  cash  flows from o p e ra t io n s  
based  on th e  in d e p e n d e n t  va r iab les ,  a m easu re  of the  accu racy  of the  
p red ic t io n s  ( e r r o r  metr ic)  was c o n s t ru c te d .  This m easure  was defined as  
th e  ab so lu te  va lue  of th e  d i f fe rence  between th e  actual  cash  flows and the  
fo recas ted  cash  flows divided by th e  fo recas ted  cash  flows1**:
[(actual cash flows - forecasted cash flows) * forecasted cash flows\.
** Data from t h e  fo u r th  q u a r t e r  of 1988 were not used  to p red ic t  
cash  flows in th e  f i r s t  q u a r t e r  of 1989 because  th e  actual cash flows from 
th e  f i r s t  q u a r t e r  of 1989 were not available on th e  COMPUSTAT vers ion  
used  in th i s  s tu d y .
10 Similar m easu re s  of p red ic t iv e  accu racy  have  been used  In severa l  
p rev io u s  fo recas t ing  s tu d ie s  (Waymlre 1986; Hassell and J e n n in g s  1986; and 
Brown, Hagerman, Griffin, and Zmijewski 1987). Using th e  abso lu te  value 
of th e  m easure  enab les  th e  calculation of th e  m agn i tude  of th e  sum of th e  
d i f fe ren ces  be tween th e  fo re c a s t s  and th e  actual  f u t u r e  cash  flows. Simply 
summing th e  d i f fe ren ces  r e s u l t s  in posi t ive  d i f fe rences  o f fse t t ing  nega t ive  
d i f fe ren ces  and  t h u s  r e d u c e s  th e  actual  m agni tude  of t h e  sum of th e  
d i f fe rences .  Dividing th e  num era to r  by fo recas ted  cash  flows r e s u l t s  in 
th e  express ion  of the  e r r o r  metric a s  a p e rc e n ta g e  of fo recas ted  cash 
flows. Without th e  d ivisor ,  it is p robab le  t h a t  th e  mean of th e  annual 
m easu res  will be d i f fe re n t  from th e  mean of th e  q u a r t e r ly  measures .
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Because  th e  p red ic t io n s  of f u t u r e  cash  flows between th e  v a r ious  
cells of th e  r e sea rch  des ign  were not  independent '* ,  o rd in a ry  least  
s q u a r e s  r eg re s s io n  and  ANOVA could not  be used  to est imate  and 
in v es t ig a te  t h e  e r r o r  metric  means. Because of th e  lack of independence ,  
a  general ized  least  s q u a r e s  (GLS) tec h n iq u e  was used in th i s  resea rch .  
Generalized least  s q u a r e s  does not r e q u i r e  th e  assumption  of independence  
of o b se rv a t io n s .  Differences be tween means were examined us ing  a  GLS 
modification of  th e  Bonferroni  procedure*". The modification of th e  
Bonferroni p r o c e d u re  was accomplished by rep lac ing  th e  mean sq u a re d  
e r r o r  in t h e  t e s t  s t a t i s t i c  with th e  est imated v a r ia n c e /c o v a r ia n c e  matrix of 
est imated means. The u se  of th e  modified Bonferroni p ro c e d u re  facili tated 
t h e  determination of th e  pragmatic  information of th e  two t y p e s  of 
accounting  accrua ls .
Object ives.  Scope, and Limitations 
This s tu d y  has  severa l  ob jec t ives .  The f i r s t  is to explain a  th eo ry  
of  th e  fu n c t ion s  of accounting  accrua ls .  The second is to explain a  theo ry
* For example, th e  CF da ta  fo r  one  firm was re la ted  to  t h e  CF + SYN, 
and CF + SEM d a ta  fo r  t h a t  same firm. Consequently ,  the  p red ic t ions  of 
f u t u r e  cash  flows a c ro s s  cells were  re la ted .  The same sample also was 
used  in all cells of th e  r e sea rch  design.  This use  of the  same sample in 
all ceils r e su l te d  In a  lack of independence  a c ro ss  cells. Berenson, Levine, 
and  Goldstein (1983, 65-66) s ta te :
It  must  be assumed t h a t  th e  s u b j e c t s  o r  experimental  u n i t s  in 
each of th e  c in d e p e n d en t  sample g ro u p s  (i.e., levels of the  
fac to r )  a re  randomly and independen t ly  drawn so t h a t  an 
o b s e rv e d  value  in any one  g roup  has  no e ffec t  o r  inf luence  on 
any o t h e r  o b se rv e d  value in th a t  g roup  o r  any  of th e  o th e r  
g rou p s .  This assumption  of Independence  cannot  be relaxed.
If  it is violated,  t h e  ANOVA p ro c e d u re  . . .  is invalid.
See Kirk (1982) for  a  d iscussion  of  th e  Bonferroni p rocedure .
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of t h e  pragmatic  information of accounting  accrua ls .  The th i rd  is to 
examine t h e  pragmatic  information of accoun t ing  accrua ls .  The final 
ob jec t ive  is to  examine t h e  pragmatic  Information of accoun t ing  acc ru a l s  in 
t h e  con tex t  of d i f f e r e n t  financial s ta tem en t  time frames.
The scope  of th e  theore t ical  sect ion Is gener ic .  The theo ry  of th e  
fu n c t io ns  of accounting  acc ru a l s  explains  th e  general  p u r p o s e s  of broad 
c a teg o r ie s  of accoun t ing  acc ru a l s  but  does  not explain th e  func t ions  of 
individual  account ing  accrua ls .  The th eo ry  of t h e  pragm atic  Information 
of accounting  acc ru a l s  de l inea tes  why syntact ica l ly  r e d u n d a n t  and 
semantically r e d u n d a n t  accounting  a c c ru a l s  have  pragmatic  information. 
This th eo ry  does not a t tem pt  to define  the  p ragm atic  Information of 
individual accoun t ing  accrua ls .  This port ion of th e  r e s e a rc h  does  not 
a t tem pt  to de te rmine  if th e  theor ized  ca tego r ies  of accounting  acc ru a l s  
have  pragmatic  Information in all s i tua t ions ,  but  a t tem pts  to  measure  th e  
pragmatic  information of  th e  broad  c a tego r ie s  of accounting  acc ru a l s  In 
q u a r t e r ly  and  annual external  financial s ta tem ents .
Limitations inc lude  the  fac t  th a t  pragmatic  Information of cash-flow 
da ta  and accoun t ing  acc ru a l s  is opera t ional ized as  the  abili ty to p red ic t  
f u t u r e  cash  flows. This measure  of pragmatic  Information assum es  th a t  
u s e r s  of financial  s ta tem en ts  value t h e  abil i ty  to  p red ic t  f u t u r e  cash  flows. 
Another  limitation is th e  fact  t h a t  the  d a ta  items measured  fo r  pragmatic  
information may be communicated to  u s e r s  from so u rc e s  o th e r  than  financial 
s ta tem ents .  In th i s  s i tuat ion ,  th e se  d a ta  items would have  no sy n ta c t ic  
Information to  u s e r s  when re p o r te d  In financial s ta tem ents .  The fac t  t h a t  
q u a r t e r ly  accoun t ing  d a ta  usually  is unaud i ted  and annual  accounting  da ta  
usually  is aud i ted  may confound th e  r e s u l t s  of th i s  s tu d y .  The annual
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accounting  d a ta  may be  more p rec ise  t h a n  th e  q u a r t e r ly  accoun t ing  data . 
Another  limitation is re la ted  to  managerial income smoothing. Managers  may 
use  accoun t ing  a c c ru a l s  to smooth q u a r t e r ly  accoun t ing  income and th u s  
a l te r  t h e  re la t ionsh ip  between accounting  acc ru a l s  and f u t u r e  cash  flows. 
The variab i l i ty  of th e  q u a r t e r ly  accounting  da ta  also would be diminished. 
Finally, t h e  da ta  items inves t iga ted  may have  no meaning to  u se rs .  
Consequently ,  th e  d a ta  items would have  no semantic  information in th is  
s i tuat ion.
Contr ibu t ions  of th e  S tudy  
Plat t  (1985) s t a t e s  t h a t  th e  use  of th eo ry  in r e s e a rc h  a s s i s t s  in th e  
in fe rence  of causat ion  in the  re la t ionsh ip  between exp lanatory  and outcome 
variables .  The lack of  an u n d e r ly in g  th eo ry  makes r e s u l t s  d iff icult  to 
i n t e r p r e t  because  th e  assoc ia t ions  between va r iab les  may be e i th e r  causal 
o r  spu r io u s .  If a  casual  relation does  not exist,  then  th e  re la t ionship  
between v a r iab les  may c h an g e  ove r  time21. If th e  re la t ionsh ips  between 
v a r iab les  sh i f t  with time, similar s tu d ie s  se p a ra te d  in time may yield 
dissimilar resu l ts .  This r e s e a rc h  d e sc r ib e s  theo r ie s  of account ing  acc rua ls  
th a t  may aid th e  in fe rence  of causat ion  in f u t u r e  s tu d ie s  examining th e  
e f fe c t s  of accounting  acc ru a l s  on o th e r  va r iab le s  su c h  as  f u t u r e  cash  flows 
and s tock  pr ices .
Three  major c a teg o r ie s  of information exist:  sy n ta c t ic  information, 
semantic  information,  and pragmatic  information. This s tu d y  in v es t iga te s  
l inkages  between th e s e  t h r e e  c a teg o r ie s  of information which may r e s u l t  in
** See Platt (1985) for  a d iscussion  of sh i f t ing  re la t ionsh ips  be tween 
financial d i s t r e s s  and v a r iab les  used to  p red ic t  financial d i s t r e s s .
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a more th o ro u gh  u n d e r s t a n d in g  of th e  Informational c h a r a c te r i s t i c s  of 
accoun t ing  data .
Summary
This c h a p t e r  p re s e n te d  an overview of  th e  theo r ies ,  r e s e a rc h  
problems, o b jec t iv e s ,  scope,  limitations, and  method t h a t  a r e  re lev an t  to  
th i s  s tu d y .  The c o n t r ib u t io n s  of the  s tu d y  also were d i scussed .  C hap te r  
2 rev iews t h e  p rev io u s  r e s e a rc h  and c o n t r a s t s  th e  p u r p o s e s  of tho se  
s tu d i e s  with th e  p u rp o s e  of th i s  s tu d y .  C hap te r  2 also p r e s e n t s  an 
elaborat ion  of t h e  th e o r i e s  motivating th i s  s tud y .  C hap te r  3 con ta ins  a 
s ta tem en t  of t h e  r e s e a r c h  h y p o th e s e s  and  an explanation of th e  method 
th a t  is used  to  t e s t  t h e  hypo theses .  A d iscuss ion  of th e  da ta  ana lys is  
p ro c e d u r e s  is conta ined  in Chap te r  4. C hap te r  5 summarizes t h e  s tu d y  and 
p r e s e n t s  implications of th e  s tu d y ,  limitations of th e  s tu d y ,  and 
s u g g e s t io n s  fo r  f u t u r e  r esea rch .
CHAPTER 2 
LITERATURE REVIEW AND THEORY 
Several  a r e a s  of re sea rch  a r e  importan t  to  t h i s  p ro jec t .  Accounting 
r e sea rch  re la ted  to sy n ta c t ic  and semantic  information th eo ry  is of i n te r e s t  
because  t h e s e  th e o r ie s  p rov ide  t h e  theore t ical  framework fo r  th i s  s tu d y .  
Research re la ted  to th e  Information con ten t  of account ing  a cc ru a l s  and cash  
flows is also of i n t e r e s t  b ecause  th is  r e s e a rc h  examines th e  pragmatic  
information of accounting  accrua ls .
This c h a p te r  also develops  two th e o r ie s  of  accoun t ing  acc rua ls  upon 
which th is  r e s e a rc h  is based. The topics  d i scu ssed  in th e  th eo ry  sect ion 
of th i s  c h a p t e r  a r e  semiotlc concep ts ,  t h e  th eo ry  of th e  func t ions  of 
accounting  accrua ls ,  t h e  th eo ry  of the  pragmatic  information of accounting  
accrua ls ,  and th e  re la t ionsh ip  between financial s ta tem en t  time frame and 
th e  pragmatic  information of accounting  accruals .
L i te ra tu re  Review 
Syn tac t ic  Information Theory 
One of th e  ea r l ie s t  app lica t ions  of sy n ta c t ic  information th eo ry  in 
b u s in e ss  r e s e a rc h  was u n d e r t a k e n  by Theil (1967). He developed th e  
concep t  t h a t  u se s  th e  decomposition of financial  s t a tem en t  items a s  a bas is  
fo r  apply ing  sy n ta c t ic  information theory  to  accounting .  The decomposition 
c oncep t  Involves desc r ib in g  all financial s ta tem en t  Items as  a p ropor t ion  of 
a  financial s ta tem en t  total (e.g.,  total a s se t s ,  total liabilities, two times th e  
total a s se ts ,  total sa les , total expenses) .  Thus,  p ro p o r t io n s  replaced
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probabi l i t ies  in Theil’s  (1969) application of sy n ta c t ic  Information th eo ry  to 
accounting .  Theil su g g e s t e d  t h e  u se  of a s s e t s  information, liabilities 
information, balance sh e e t  information, sa les  Information, cos t  and exp enses  
information, and I n d u s t ry -w id e  time horizon information' .  These 
m easurement  con ce p ts  form th e  bas is  fo r  much of th e  la te r  accounting  
l i t e r a tu r e  conce rned  with sy n ta c t ic  information theo ry .
Lev (1969a, 1969b, 1970) ex tended  Theil’s  ideas. In his 1969a 
monograph,  Lev d i sc u sse d  th e  application of basic  sy n ta c t ic  information 
th eo ry  co n ce p ts  and Theil’s co n ce p ts  to  d i f fe ren t ia te  between b a n k r u p t  and 
n o n - b a n k r u p t  f i rms and to de te rm ina te  th e  accu racy  of bu d g e ts .  Lev was 
able  to  d is t in g u ish  between b a n k r u p t  and n o n - b a n k r u p t  f irms a majority  
of th e  time (from 57 to  89 p e rc en t ) .  He also dem ons tra ted  th e  u se fu ln ess  
of sy n ta c t ic  information th eo ry  concep ts  in t h e  determination of b u d g e t  
accu racy .  Lev is un ique  among accounting  r e s e a r c h e r s  who examined 
sy n ta c t i c  information th eo ry  con ce p ts  in t h a t  he d iscussed  b u s in e ss  
applica t ions  of  con t inuous  sy n ta c t ic  information theo ry  (peak demand 
f o re c a s t s  of an electrical  u t i l i ty)  tn addit ion to  d i s c re te  sy n ta c t ic  
information theo ry .
Lee and  Bedford (1969) defined accoun t ing  c lassif ication and 
m easurement  in te rm s  of sy n ta c t ic  information theo ry .  They p roposed  th a t  
t h e  amount of Information p rov ided  by a r e s e a rc h  s tu d y  could be de r ived  
th r o u g h  th e  use  of syn ta c t ic  Information th eo ry  concepts^. A prio ri
' These  ideas a r e  expla ined in his  1969 p aper ,  "On th e  Use of 
Information Theory Concepts  In the  Analysis of Financial S ta tements"  
(which was based  In p a r t  on his  1967 book: Economics and  Information 
T h e o r y ).
* Lee and Bedford (1969) s u g g e s t  two e n t ro p y  m ea su re s—a prio ri 
e n t ro p y  and  a posteriori en tropy .
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e n t r o p y  Is a  m easure  of initial u n c e r t a in ty  r e g a rd in g  the  poss ib le  outcomes 
of t h e  r e s e a rc h  and a posteriori e n t ro p y  Is th e  u n reso lved  u n c e r ta in ty  
r e g a r d in g  th e  outcomes. The d i f fe rence  between th ese  two e n t ro p y  
m easu res  would be t h e  information ob ta ined  from t h e  re sea rch .
Ronen and Falk (1973) Inves t iga ted  th e  re la t ionship  between en t ro p y  
and  th e  perce ived  va lue  of expected  information. Specif ically, they
examined w h e th e r  th e  e n t ro p y  m easure  su g g e s t e d  by Lev (1969a) fo r  th e  
calculat ion of information loss from ag g reg a t ion  ref lected u s e r - p e r c e iv e d  
information loss and u s e r - p e r c e iv e d  need fo r  information. They conducted  
t h r e e  exper im ents  in which cost  Information was p re s e n te d  to su b je c t s .  
The e n t ro p y  in each s i tua t ion  was calculated and compared to  th e  u s e r -  
p e rce ived  value of information^. The r e s u i t s  indicated t h a t  when th e  
expected  va lue  of Information monotonicaliy increased  with Information, a 
high level of corre la t ion  exis ted  between e n t ro p y  and u s e r - p e r c e iv e d  value  
of Information. However, t h e  a u th o r s  concluded th a t  individual 
c h a r a c t e r i s t i c s  can a ffec t  t h e  re la t ionsh ip  between e n t ro p y  and th e  
perce ived  va lue  of Information. Consequently ,  th e  application of en t ro p y  
to  m easure  information loss from a g g reg a t ion  may be limited.
Ja in (1973) desc r ibed  accoun t ing  in te rm s  of l inguist ics .  He s ta ted  
th a t  r e sea rch  in l inguis t ics  and psycho l ingu is t ics  s u p p o r t s  th e  theo ry  th a t  
a l t e r n a te  accounting  methods affect  decision-making. He desc r ibed  
accoun t ing  as a language,  a s se r te d  th a t  concep ts  from l inguis t ics  could be 
applied to  accounting ,  and concluded (Jain 1973, 104):
3 The u s e r - p e r c e iv e d  va lue  of Information was opera t ional ized  by 
hav ing  s u b j e c t s  indicate  how much they  would be willing to  pay for  
information in each s i tuat ion.
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Accounting ru les  a r e  cons ide red  analogous to  financial grammar and 
based on th is  analogy,  th e  e f fec t  of grammatical s t r u c t u r e  on 
percep t ion  of l i s te n e rs  Is s tu d ied  to  s u p p o r t  t h e  h yp o th es is  th a t  
accoun t ing  methods a ffec t  decision making.
Abdel-khalik  (1974) conduc ted  a  field s tu d y  to de te rm ine  if sy n ta c t ic  
information th eo ry  co n ce p ts  as  ex tended  by Theil (1969) and Lev (1969a, 
1969b, 1970) were useful  In th e  con tex t  of decis ions based  on accounting  
information. The s tu d y  r eq u i re d  b u s in e s s  loan o f f ice rs  to  make (1) loan 
recommendations and (2) es t im ates  of th e  probabi l i ty  of firm defaul t .  These 
recommendations and es t im ates  were based  on financial s ta tem en ts  with 
t h r e e  levels  of da ta  a g g reg a t io n .  The r e s u l t s  indicated no s t ro n g  
association between t h e  e n t ro p y  m easure  and th e  means of  th e  ta sk  
var iab les .  Abdel-khalik  (1974, 200-261) concluded tha t :
(a) The m easure  [ en t rop y ]  is not temporal; it does not  m easure  what 
th e  information will be a t  a  given point  in time.
(b)  The m easu re  is only defined for  closed sys tem s.  Although 
some physical  sys tem s  may be closed, all sys tem s,  including 
accounting ,  a r e  open sys tems.
(c) The e n t r o p y ’s  definition of information does not p red ic t  th e  
behav io r  of t h e  sys tem  when the  information e n t ro p y  reach es  a 
p a r t i c u la r  level.
Babich (1975) d i scussed  th e  co n ce p ts  of sy n ta c t ic  information th eo ry  
and th e  ex tens ions  by Theil (1969) and Lev (1969a, 1969b, 1970). He
compared sy n ta c t ic  information th e o ry  ana lys is  of financial s ta te m e n ts  with 
ra t io  an a ly s is  and concluded th a t  sy n ta c t i c  information th eo ry  an a ly s i s  was 
Infer io r  to  ra t io  analysis .  The bas is  for  his  conc lus ions  was t h a t  rat io  
analys is  r ev ea ls  both th e  m agni tude  and direction of c h an ge  of financial 
items while sy n ta c t ic  information theo ry  an a ly s i s  r evea ls  only th e  
m agni tude  of  th e  change .
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Gorelik (1975) inv es t ig a ted  th e  n a tu r e  of information th ro u g h  th e  use  
of a  sy s te m s  approach .  He d i scu ssed  th e  v a r ious  def in i t ions  of information 
and th e  methods of m easur ing  information. He concluded t h a t  Information 
Is rela ted to  u n c e r t a in ty  ( sy n ta c t ic s )  and  value (pragm atics ) .
Belkaoui (1976) used sy n ta c t ic  Information th eo ry  to  d iscr iminate  
between f i rms acq u i red  by o t h e r  companies and f i rms not  acqu ired  by 
o t h e r  companies. The information m easu res  used were th e  d isag g reg a t ion  
m easu res  p roposed  by Theil (1969) and  Lev (1969a, 1969b, 1970). The 
r e s u l t s  (Belkaoui 1976, 49) indicated th a t  . . t h e  information m easures  for 
t h e  f irms ta k e n  o v e r  a r e  l a rg e r  than  for  t h e  f irms in t h e  control  
g ro u p  . . . "  Belkaoui concluded t h a t  th e  Information m easu re s  he used 
were good p re d ic to r s  of  co rp o ra te  takeov ers .
P en d leb u ry  (1980) inves t iga ted  th e  use  of sy n ta c t ic  information 
th eo ry  In accounting  fo r  g ro u p s  of companies. The co n ce p ts  used in his  
r e s e a r c h  were basically those  p roposed  by Theil (1969) and Lev (1969a, 
1969b, 1970). He a t tem pted  to  de te rm ine  th e  b es t  level of da ta  aggrega t ion  
fo r  g ro u p s  of  companies and concluded th a t  a da ta  decomposition index 
could be used  to  accomplish th e  purpose .
Semantic Information Theory
Nakano (1972) was th e  only accounting  r e s e a r c h e r  to  utilize th e  
concep t  of red u n d a n c y  as t h e  basis  fo r  his  paper .  Nakano (1972) 
d iscussed  th e  use  of semantically r e d u n d a n t  financial d a ta  ( p r i c e -a d ju s te d  
financial s ta te m e n ts  and physical  and environmenta l  da ta)  to  r ed u ce  th e  
social loss from th e  u se  of historical  cost  financial s ta tem ents .  He 
concluded t h a t  semantic  re d u n d a n c y  could redu ce  social loss from th e  use  
of historical  cos t  financial  s ta tem en ts  atone, b u t  also s t a te d  t h a t  th e
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benef i ts  and  co s t s  of  us ing  semantically r e d u n d a n t  d a ta  need to  be 
cons idered  be fo re  in t ro d u c ing  it into a  s i tuat ion.
Haried (1972, 376) inves t iga ted  t h e  "semantic  problems of ex te rnal  
accoun t ing  communication." A p ro cess  called semantic  d if fe ren t ia t ion  Mas 
used  to locate th e  meaning of va r ious  accounting  term s,  e.g.,  a s se t ,  
l iability, deprecia t ion ,  in semantic  space*. Soph is t ica ted  s u b j e c t s  and 
u nso p h is t ica ted  subjects*  completed q u e s t io n n a i re s  composed of semantic  
scales.  Fac to r  ana lys is  identif ied seven  fac to r s  important  to  meaning in 
accounting  contexts :  ob jec t iv i ty ,  evaluat ion,  control ,  ac t iv i ty ,  time, s tab i l i ty ,  
and necess i ty .
Haried (1973) inves t iga ted  w he the r  ce r ta in  accounting  te rm s  had 
similar meanings  to  d i f f e ren t  g ro u p s  and  w he ther  synonym ous  accounting  
co n ce p ts  had similar meanings.  Sixteen accounting  con ce p ts  including cash  
flow, deprecia t ion ,  goodwill, and re ta ined  e a r n in g s  were t e s ted .  Both 
soph is t ica ted  and unsoph is t ica ted  s u b j e c t s  were used  in th e  s tu d y .  The 
r e s u l t s  indicated t h a t  no d i f fe rences  were found in th e  overall  meaning of 
co ncep ts  between g roups .  Haried did f ind th a t  ce r ta in  be tw een -con cep t  
d i f fe rences  exis ted.
Lebar (1982) conduc ted  a semantic  ana ly s is  of th e  management 
analys is  sect ion of Form 10-K, th e  financial p r e s s  re lease,  and the
* Semantic space  is defined as  a  "Euclidian multidimensional region" 
(Haried 1972, 378). Orthogonal v e c to r s  in semantic  space  a r e  r e p r e s e n te d  
by s e v e n -p o in t  semantic  sca le s  t h a t  a r e  defined by two c o n t r a s t in g  
ad jec t iv es ,  e.g.,  beneficial—ad v e rse ,  t an g ib le—intangible .  The semantic  
sca les  a re  used  to  m easure  both d is tance  and d irec t ion  from th e  o r ig in  in 
semantic  space.
* Sophis t ica ted  s u b j e c t s  included CPAs and  g ra d u a t e  account ing  
s tu d e n ts .  Unsophis t ica ted  s u b j e c t s  included inves tm ent  club members and 
u n d e r g r a d u a t e  eng in ee r in g  s tu d e n ts .
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p r e s i d e n t ’s  l e t t e r  in th e  annual  r e p o r t  to  de te rmine  If th e  language  used 
In th e s e  items was c o n s i s te n t  with th e  o b jec t iv e s  of c o rp o ra te  disclosure*. 
Extensions! l anguage  was defined as  (Lebar  1982, 177) . . language  th a t
t e n d s  toward full desc r ip t ion ,  qualif ication, specif ic i ty ,  and  ob jec t iv i ty ."  
The c o n v e rse  of extenslonal  language  was defined as  intensional  language  
and  was d e sc r ib ed  as  (Lebar  1982, 177) . . unqualif ied ,  general ized,  and
eva lua t ive  . . . "  Lebar  (1982) commented th a t  th e  use  of extenslonal  o r  
in tensional  language  can a ffec t  t h e  t y p e s  and quali ty of wri t ten  
information. Methods developed by sem ant ic ts ts  were used  to identify 
extensional  and  in tensional  l anguage  in t h e  Form 10-K, p r e s s  release,  and 
annual  r ep o r t .  Ten randomly se lec ted  New York Stock Exchange companies 
formed the  sample of  firms fo r  th e  s tu d y .  The r e s u l t s  of the  s tu d y  
indicated t h a t  (1) th e  t h r e e  documents  examined In th e  s tu d y  a d d re sso d  
d i f fe ren t  topics ,  (2) in some cases ,  th e  t h r e e  documents  con trad ic ted  each 
o th e r ,  (3) th e  Form 10-Ks had th e  g r e a t e s t  amount of ex tensionali ty  and  
th e  least  amount of in tensionai i ty ,  and (4) th e  annual  r e p o r t s  had th e  
g r e a t e s t  amount of in tensionai i ty  and th e  least  amount of extensional  ity.
Oliver (1974) used  th e  semantic  d i fferent ia l  t e c h n iq u e  to  de termine  
if accoun t ing  concep ts  had d i f f e ren t  meanings  to  members of seven  
d i f fe ren t  professional  g r o u p s 7. Unlike Haried (1972), Oliver focused on 
basic account ing  concepts ,  e.g.,  a ccoun t ing ,  Income determination,
6 Lebar  (1982, 177) def ines  th e  o b jec t iv e s  of c o rp o ra te  d isc losu re  as
. . completeness,  qualif ication, specif ici ty ,  verif ication,  and re fe ren ces ."
7 These  g r o u p s  a re  th e  American I n s t i tu t e  of Certi fied Public  
Accountants ,  t h e  American Association of Collegiate Schools of Business, th e  
Financial Analysis Federa t ion ,  th e  National Association of Secu r i t ie s  Dealers, 
Corpora te  Financial Executives, t h e  Inves tm en t  B a nk ers ’ Association, and 
th e  American Banking Association.
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disc losure ,  matching,  and  cost .  The r e s u l t s  indicated th a t  when all g ro u p s  
were analyzed s imultaneously ,  s ign i f ican t  d i f fe rences  exis ted for  th e  
meanings  of six of e ig h t  concepts .  However, when th e  g ro u p s  were 
r e s t r u c t u r e d  to  r e p r e s e n t  only acco u n ta n ts  and  u s e r s  of accounting  
Information, s ign i f ican t  d i f fe ren c e s  exis ted  for f ive  of e igh t  concep ts .  
When accoun t ing  academicians (American Association of Collegiate Schools 
of Business)  were removed from th e  accounting  group ,  s ignif icant  
d i f fe rences  exis ted for  only two of e ig h t  concepts .  The a u th o r  concluded 
th a t  CPAs s h a r e  similar con ce p ts  of meanings with th e  f ive  u se r  g rou p s .  
Accounting academicians, however,  have  d i f fe ren t  p e rc ep t io n s  of meanings  
of th e  accounting  concep ts  examined.
Belkaoui (1980) used  mult idimensional scal ing t e c h n iq u e s  to analyze  
th e  pe rcep tua l  d i f fe rences  of accoun t ing  co ncep ts  (e.g.,  the  en t i ty  
assumption,  t h e  going conce rn  assumption ,  the  per iod  assum ption)  a c ro s s  
t h r e e  g ro u p s  affi liated with accounting:  accounting  academicians, public  
a cco un tan ts ,  and  accoun t ing  s tu d e n ts .  Sociolinguist ics  was utilized in th e  
co n s t ru c t io n  of the  h y p o th es is  te s ted :  " . . .  p e rc ep t io n s  of accounting
co n ce p ts  . . . a r e  a  funct ion  of th e  professional  accounting  g roup
affiliation" (Belkaoui 1980, 364). Data collected from a ques t ion n a i re  was 
analyzed on t h r e e  dimensions:  con ju n c t iv e ,  relational,  and  d i s ju n c t iv e 8. 
The r e s u l t s  indicated t h a t  t h e r e  was a  c o n sen su s  on th e  meaning of th e  
accounting  concep ts  between th e  g ro u p s  only in t h e  relational dimension.
The c o n ju n c t iv e  dimension is concerned  with co n ce p ts  t h a t  a re  
pe rce ived  a s  sh a r in g  common pe rcep tua l  cha rac te r i s t i c s .  The relational 
dimension involves concep ts  t h a t  a re  linked by a fixed re la t ionship .  The 
d is ju n c t iv e  dimension co n s i s t s  of concep ts  th a t  d i ffer  on one o r  more 
pe rcep tua l  c h a ra c te r i s t i c s .
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Houghton (1988) re-examined th e  r e s u l t s  of Haried (1972, 1973). 
Houghton ques t ioned  Haried’s  (1972) method of f ac to r  ana lys is  and 
e x p re ssed  c o n ce rn  o v e r  th e  sev en  fac to r s  de te rmined by Haried (1972) and 
th e  semantic  d i f fe ren t ia l s  used  to  d e s c r ib e  t h e  fac to rs .  Houghton r e ­
examined Haried’s (1973) data  and  s t a te d  (Houghton 1988, 269) . . his
[Haried’s] conclus ions  abou t  conno ta t ive  meaning a re  not  well founded ."  
Houghton determined th a t  Haried’s  (1972, 1973) seven-dimensiona l  s t r u c t u r e  
was not  a p p ro p r i a te  fo r  use  with account ing  d a ta  and t h a t  th e  t h r e e -  
dimensional s t r u c t u r e  of Osgood, Sucl , and Tannenbaum (1957) was 
a p p ro p r ia te  fo r  use  with Haried 's  (1973) data .  Houghton also noted th a t  
th e  re-examination of Haried’s  (1973) d a ta  indicated th a t  s ign i f ican t  
b e tw ee n -g ro u p  and be tw een-concep t  d i f f e ren ces  existed.
Information Content  of Accounting 
Accruals  and Cash Flows
Harmon (1984) t e s te d  th e  association between s tock  m arke t  p r ice  
reac t ion  and (1) t h r e e  m easu res  of income and (2) six m easures  of cash  
flows. The p u rp o se  of his s t u d y  was to de te rm ine  w he ther  income 
m easu re s  o r  f u n d s  flow m easu res  were more highly assoc ia ted  with m arke t  
reaction.  The r e s u l t s  indicated t h a t  e a r n in g s  va r iab les  as a g roup  ran ked  
h ig h e r  in t h e i r  associat ion with m arke t  react ion  th an  f u n d s  flow variables .  
Consequently ,  f u n d s  flows may not be a s  useful  as  e a r n in g s  to  In v es to rs  
for  decision making.
Schaefe r  and Kennel ley (1986) inves t iga ted  th e  explanatory  power of 
cash-flow d a ta  o v e r  historical cost  (accrual  e a rn in g s )  data .  P rev ious  
s tud ies ,  which used  c r u d e  m easu res  of  cash  flows, found th a t  cash  flows 
did not  improve the  explanation of secu r i ty  r e t u r n s  ove r  ea rn in g s .  Their
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s t u d y  used t h r e e  m easu re s  of cash  flows: one  c ru d e  m easu re  and two 
ref ined  m easures .  The ref ined cash-flow m easu re s  did not show 
improvement In explanatory  power o v e r  th e  c r u d e  cash-f low measure .  In 
fact ,  none of th e  cash-f low m easu res  added much explana tory  power, 
p e rh a p s  because  of s ign i f ican t  coll lneari ty  between historical  cos t  (accrual  
e a rn in g s )  d a ta  and cash-f low data.
Rayburn  (1986) explored th e  associat ion of o p e ra t in g  cash  flows and 
accrual  d a ta  with s e c u r i ty  r e t u r n s  o v e r  a t w e n ty - y e a r  period. Both 
c u r r e n t  accrual  da ta  and n o n c u r r e n t  accrual  d a ta  were tes ted .  C ross -  
sect ional reg re s s io n  equa t ions  were c o n s t ru c te d  fo r  each y e a r  examined and 
used  to de te rmine  th e  level of associat ion between cumulat ive  abnormal 
r e t u r n s  (d e p e n d e n t  va r iab le )  and ope ra t in g  cash  flows, c h a n g e  in working 
capita l ,  deprec ia t ion ,  and change  in d e fe r red  taxes  ( in d ep e n d en t  variables) .  
C u r r e n t  a cc ru a l s  were defined a s  c h an g e  in working capita l and  n o n c u r r e n t  
acc ru a l s  were defined as  deprecia tion  and  c h an g e  in d e fe r r e d  taxes. The 
r e s u l t s  indicated  t h a t  o p e ra t in g  cash  flows and  a g g r e g a t e  a c c ru a l s  were  
associa ted with cumulat ive  abnormal r e t u r n s .  C u r r e n t  a cc ru a l s  also were 
assoc ia ted  with s e c u r i ty  r e t u r n s .  N oncurren t  acc ru a l s  were  associa ted with 
s e c u r i ty  r e t u r n s  when holdout e r r o r s  were used  in th e  re g re s s io n  models 
and were not assoc ia ted  with s e c u r i ty  r e t u r n s  when e r r o r s  ge n e ra te d  by 
a random-walk p ro c e ss  were used  in th e  reg re s s io n  models.
Wilson (1986) examined th e  information c o n te n t  of both c u r r e n t  and 
n o n c u r r e n t  a cc ru a l s  and th e  re la t ive  information con ten t  of total a cc ru a l s  
and  cash  from opera t ions .  The re la t ive  information con ten t  of n o n c u r r e n t  
acc ru a l s  and working capital  from o p e ra t io n s  and  of c u r r e n t  acc rua ls  and 
cash  from o p e ra t ion s  was also examined. C u r r e n t  acc rua ls  were defined as
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cash from o p e ra t io ns  minus working capita l from opera t ions .  N oncurren t  
a c c ru a l s  were defined as  working capital from o p e ra t ion s  minus ea rn ings .  
Wilson found t h a t  cash  and total a cc rua ls  had information co n te n t  beyond 
e a r n in g s  and  th a t  total a cc ru a l s  had information con te n t  beyond th e  cash  
component of ea rn in g s .  Another  conclusion was th a t  th e  n o n c u r r e n t  
accrual  component of e a r n in g s  e i th e r  did not have  information con ten t  
beyond working capita l from opera t ions  o r  was known before  th e  
announcement  of ea rn ings .
Wilson (1987) a t tem pted  to  a sce r ta in  if th e  re lease  of th e  components  
of e a r n in g s  (accrua ls  and fu n d s  flows) have  information co n te n t  beyond the  
announcem ent  of e a rn in g s .  Accruals  were s e p a ra te d  into two categor ies :  
n o n c u r r e n t  acc rua ls  and total accrua ls .  F u n d s  flows were defined as 
working capital from o p e ra t io n s  and cash  from opera t ions .  Cash from 
o p e ra t io ns  had incremental Information c on ten t  o v e r  e a r n in g s  
an nouncem en ts  while working capital from o p e ra t io n s  contained no 
incremental  information content .  Wilson concluded t h a t  cash  and n o n -cash  
components  of ea rn in g s ,  taken  to g e th e r ,  posses sed  information co n ten t  
beyond ea rn in g s .  However, it could not be de termined if e i th e r  component 
had incremental  information co n te n t  alone.
Bowen, B urgs tah le r ,  and Daley (1987) examined th e  incremental  
information co n te n t  of accrual  e a r n in g s  and cash  flows. The qu es t io n s  
they  a d d re s s e d  were (1) Do cash  flows have  information con ten t  beyond 
accrual  e a rn in g s?  and (2) Do accrual  e a r n in g s  have  information co n te n t  
beyond cash flows? The r e s u l t s  indicated th a t  (1) unexpec ted  working 
capita l from o p e ra t io n s  contained no information con ten t  beyond unexpec ted  
accrual  ea rn in g s ,  (2) unexpec ted  cash from o p e ra t io n s  and unexpec ted  cash
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flows a f t e r  Inves tm ent  had Information co n te n t  beyond accrual  e a rn in g s ,  
and (3) unexpec ted  accrual  e a r n i n g s  p o s s e s s  information c o n ten t  beyond 
cash  flows.
Ismail and  Kim (1989) a t tem pted  to de te rm ine  if f u n d s  flows and  cash  
flows p ro v id e  information beyond accrual  e a r n in g s  In explaining m arke t  
r isk .  The r e s u l t s  of t h e i r  s t u d y  revealed  th a t  (1) t h e  addit ion of e i th e r  
f u n d s  flow o r  c a sh - f low -b ased  r isk  m easu re s  improved th e  explanatory  
power of accrual  e a r n in g s  and  (2) accrual  e a r n i n g s  did not  p o sse s s  
explana tory  power beyond th a t  of  fu n d s  flow o r  cash-f low m easu re s  of 
r isk .
Discussion of th e  L i te ra tu re  
Syn tac t ic  Information Theory
The s tu d ie s  involving sy n ta c t ic  information th e o ry  in t ro d uced  
accounting  to  con ce p ts  of semiotics. The en t ro p y  m easu res  in t roduced  by 
Theil (1969) and  Lev (1969a, 1969b, 1970) p rov ided  a l t e rn a t iv e  means of 
eva lua t ing  firm performance.  Several  s t u d ie s  Inves t iga t ing  th e s e  measures ,  
however,  found th a t  t h e i r  u se fu ln ess  may be limited9. The u s e fu ln e s s  of 
t h e  en t ro p y  m easu res  may be r e s t r i c te d  d u e  to th e  fac t  t h a t  th e  m easu re s  
a r e  not calculated with probabi l i t ies  bu t  u se  financial s ta tem ent  p ropo r t ion s  
ins tead .  Therefore ,  t h e  e n t ro p y  m easu res  p roposed  by Theil (1969) and 
Lev (1969a, 1969b, 1970) may not  be m easur ing  e n t ro p y  as  defined by 
Shannon and  Weaver (194.9). Abdel-khalik  (1974) recognized  th e  limitations 
of TheN's (1969) and Lev’s  (1969a, 1969b, 1970) application of  sy n ta c t ic
9 See, fo r  example, Ronen and  Falk (1973); Abdel-khai ik  (1974); and 
Babich (1975).
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information th eo ry  to  accounting  and  commented t h a t  it should  be 
d e s ig n a ted  as  d a ta  decomposit ion theo ry .
Semantic Information Theory
S tu d ie s  t h a t  applied semantic  information th eo ry  to  accounting  
focused th e  a t ten t ion  of th e  accounting  profess ion  on th e  meaning of 
accoun t ing  te rm s  and  concepts .  The ear ly  s tu d ie s  in t h i s  a re a  (Haried 
1972, 1973; Oliver 1974; Belkaoui 1980) yielded confl ic t ing re su l t s .  Haried 
(1973) found t h a t  soph is t ica ted  and unsoph is t ica ted  s u b j e c t s  a t tached  
similar m eanings  to  accounting  terms.  Oliver (1974) found t h a t  seven 
d i f fe ren t  professional  b u s in e s s  g ro u p s  a ss igned  d i f fe ren t  meanings  to  basic 
accounting  concep ts .  Belkaoui (1980) de te rmined th a t  seven  professional  
g r o u p s  a g re ed  on th e  meanings  of basic accoun t ing  co ncep ts  in only one 
of t h r e e  dimensions. The fac t  t h a t  t h e s e  s tu d ie s  m easured  th e  meanings 
of d i f f e ren t  items and  used  d i f f e re n t  methods of inves t iga t ion  and  d i f fe ren t  
g ro u p s  of s u b j e c t s  may account  for  th e  d i sp a r i ty  of re su l ts .  A recen t  
s t u d y  (Houghton 1988), re-examined two of th e se  ear ly  s tu d ie s  (Haried 1972, 
1973) and concluded t h a t  th e  seven-dimensional  s t r u c t u r e  used  in th e se  
two ear iy  s tu d ie s  was not  a p p ro p r i a te  fo r  use  with accoun t ing  data .
Information Content  of Accounting 
Accruals and Cash Flows
Accounting r e s e a r c h  inves t iga t ing  th e  information con ten t  of 
accounting  acc ru a l s  and cash  flows fixed th e  a t ten t io n  of th e  account ing  
profess ion  on accounting  da ta  use. These s tu d ie s  explored new a re a s  in 
accounting  and did not  have  th e  a d v a n ta g e  of th eo ry  su p p o r t .  Another 
complication is in t roduced  by th e  definition of Information con te n t  used  in 
th e s e  s tu d ie s .  Most t e s te d  th e  abil ity of accounting  a cc ru a l s  and  cash
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flows to explain c h a n g e s  in s e c u r i ty  p r i c e s  or  r e t u r n s .  For accounting  
d a ta  to  in f luence  s e c u r i ty  p r ice s  a n d / o r  s e c u r i ty  r e t u r n s ,  t h e  d a ta  must  
be used by in v e s to r s  in th e  selling o r  buying  of secu r i t ie s .  A d a ta  item 
used  rat ionally in t h i s  manner  must  conta in  sy n ta c t ic  information ( s u r p r i s e  
value),  semantic  information (meaning),  and pragmatic  information (value).  
All da ta  items th a t  po sse s s  less  th an  all t h r e e  Informational c h a ra c te r i s t i c s  
will exhibit  no information c o n te n t  in th e s e  s tud ies .  An accoun t ing  d a ta  
Item may have  been communicated to in v e s to r s  before  th e  re lease  of  t h e  
financial s ta tem en ts .  Accordingly,  th i s  da ta  item will have  no sy n ta c t ic  
information bu t  may contain  semantic  and  pragmatic  information. Another  
accoun t ing  da ta  element may have  no meaning (semantic  information) to 
i n v e s to r s  b u t  may conta in  sy n ta c t ic  and pragmatic  information. Both of 
t h e s e  da ta  elements  would have  exhibi ted no information co n te n t  in pas t  
s t u d ie s  examining t h e  information con te n t  of accoun t ing  acc ru a l s  a n d / o r  
cash flows.
Tailoring accounting  r e p o r t s  to  meet th e  needs  of u s e r s  r e q u i r e s  
knowledge of all t h e  informational c h a ra c te r i s t i c s  of accounting  data . For 
example, if one d a ta  item lacks semantic  information (meaning) but  con ta ins  
sy n ta c t ic  information ( s u r p r i s e  value)  and  pragmatic  information (value), 
ways of a l te r ing  t h e  d a ta  item or  ed uca t in g  u s e r s  on its meaning can be 
developed so  th a t  th e  da ta  item can be used by u s e r s  of accounting  
r e p o r t s .  P rev ious  s tu d ie s  t h a t  examined th e  Information con ten t  of 
accounting  acc ru a l s  and cash  flows focused  on m arke t  react ion to 
accounting  d a ta  and  did not  examine th e  individual  informational 
c h a ra c te r i s t i c s  of accounting  data .  Research  focus ing  on a s ingle
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informational element of accounting  da ta  may prov ide  gu idance  for  revis ion 
of accoun t ing  r e p o r t s .
Contr ibu t ion  of  th i s  Research  to  t h e  L i te ra tu re  
This r e s e a rc h  is most similar to  t h e  s tu d i e s  t h a t  examine th e  
information co n te n t  of accounting  acc rua ls  a n d / o r  cash  flows. This s tu d y ,  
however , s e e k s  so lu t ions  to  some of th e  diff icult ies enco u n te re d  in p rev iou s  
inquir ies .  F irs t ,  th eo r ie s  of th e  func t ions  and va lue  of account ing  acc rua ls  
a re  cen t ra l  to  th i s  s t u d y .  These th eo r ie s  may p rov ide  g r e a t e r  l inkage 
between accoun t ing  acc ru a l s  and th e  information conta ined  in accounting  
accrua ls .  Second,  th i s  s tu d y  only a t tem pts  to examine th e  pragmatic  
information of  accounting  accrua ls .  The inves t igat ion  of only th e  pragmatic  
Information of accrual  da ta  Indicates th e  value  of acc ru a l s  to u s e r s  of 
external  financial  s ta tem ents .  Syn tac t ic  information and semantic  
information of accounting  acc ru a l s  a re  not  explored In th i s  s tu d y .  These 
informational c h a ra c t e r i s t i c s  of  accounting  acc rua ls  should be examined 
sepa ra te ly  in o t h e r  s tud ies .
Theory
Theories  of Accounting Accruals  
Two th e o r ie s  a r e  used to  explain the  pragmatic  information of 
accounting  accrua ls .  Data, information, and knowledge a re  defined and 
d i f fe ren t ia ted  before  e i th e r  of th e s e  th e o r ie s  Is d i scussed .  Semiotic 
concep ts  also a r e  expla ined in detail before  the  p resen ta t io n  of th e  theo r ie s  
of accounting  accrua ls .
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Data. Information, and Knowledge
The worde data ,  information, and knowledge,  while sometimes used
In te rch an g eab ly ,  have  d i s t in c t  meanings  in th e  realm of semiotics. Data is
a  n e c e s sa ry ,  b u t  not  suff ic ien t ,  condition fo r  Information. Data is defined
as (Caspar) 1968, 8):
. . . f a c t s  which a r e  ob ta ined  th ro u g h  empirical obse rva t ion .  They a re  
p re d ic a te s  which may form th e  an te ce d en t  condit ions  of conditionat 
s ta tem en ts .  Both knowledge and information a re  built  upon data.
Knowledge is d e sc r ib ed  as  " . . .  a g roup  of well-confirmed law-like
genera l iza t ions  which re la te  da ta  to  t h e i r  environment"  (Caspari  1968, 8).
Information is a p ro d u c t  of t h e  applicat ion of  knowledge to  data .
Information may be defined as  ". . . t h e  r e s u l ta n t  of t h e  coordination of
d a ta  with knowledge when th e  d a ta  a re  sc reened ,  edited  and evaluated for
u se  . . (Caspari  1968, 8). Thus data ,  information, and knowledge a re
d i f fe ren t ,  a l though  re la ted ,  Items.
Semiotic Concepts  
P ro p e r t i e s  of  Information
Most broad  defin i t ions  of information enum era te  t h r e e  qua l i ta t ive  
c h a r a c te r i s t i c s  of information: (1) s u r p r i s e  value, (2) meaning, and (3) 
va lue10. S urprise vaiue ind ica tes  th a t  th e  co n te n t  of a  message  o r  da ta  
Item should be unknown to th e  rece ive r  before  th e  message  is received.  
This c h a ra c te r i s t i c  is known as  sy n ta c t ic  information. Syn tac t ic  information 
th eo ry  is d esc r ibed  as (Hyvfirinen 1968, 2):
10 These concep ts  of information can be t r aced  to  t h e  th eo ry  of s ig n s  
developed by Morris (1938, 1946). The s tu d y  of all t h r e e  qua l i ta t ive  
c h a r a c te r i s t i c s  of information is encompassed by th e  field of semiotics.
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. . .  a  s t u d y  of Information c a r r y i n g  capaci t ies  of communication 
channe ls  and th e  des ign  of a p p ro p r ia te  coding sy s te m s  fo r  an eff ic ient  
d a ta  t r a n s f e r  with high rel iabil ity. No a t ten t ion  is paid to  w he ther  
information has  meaning o r  pract ical  s ignif icance.
The c h a r a c t e r i s t i c  meaning r e q u i r e s  t h a t  a d a ta  item be 
u n d e r s t a n d a b le  to t h e  rece ive r .  This quali ty  is known a s  semantic  
information. Semantic information is con ce rn ed  with th e  re la t ionship  
between s ig n s  o r  symbols and t h e  o b je c t s  o r  ideas t h a t  th ey  re p re se n t .
Finally, th e  c h a r a c te r i s t i c  vaiue means t h a t  an item of da ta  must  be 
useful  to t h e  r e c e iv e r ” . This c h a ra c te r i s t i c  of information is known as  
p ragm atic  information. Pragmatic  information th eo ry  Is conce rned  more 
with th e  c h a r a c t e r i s t i c s  of th e  rece iver  of th e  d a ta  th a n  th e  actual data.
Use of Semiotics
Syn tac t ic  information th eo ry  is conce rned  with th e  coding of data ,  
and  consequen t ly ,  is a p p ro p r ia te  for  use  only in s i tua t ion s  conce rned  with 
t h e  s t r u c t u r e  ( sy n tax )  of  data. Some r e s e a r c h e r s  (Bar-Hillel and  Carnap 
1953) have  indicated  t h a t  th e  mapping of sy n ta c t ic  information th eo ry  
c o ncep ts  o n to  s i tu a t io n s  examining semantic  information is possible. Cherry  
(1978) a d d re s s e d  th is  i s sue  and concluded th a t  sy n ta c t ic  information theo ry  
should not be used in s i tu a t ion s  examining th e  meaning o r  value of 
information” .
” In SFAC No. 1, th e  FASB s t a t e s  t h a t  information m ust  be useful  for  
a specif ic  pu rp o se ,  decision making; while in SFAC No. 2, t h e  qua li ta t ive  
c h a r a c te r i s t i c s  enum era ted  by th e  Board encompass  th e s e  concep ts  of 
information.
”  C h e r ry  (1978) noted th a t  th e  only s i tua t ion  in which sy n ta c t ic  
Information th e o ry  may be mapped on to  semantic  th eo ry  involves meta­
language.  Meta- language  is t h e  language  used by l ingu is t s  and logicians 
to  d e sc r ib e  o b je c t - l a n g u a g e s ,  e.g.,  English o r  F rench .  C h e r ry  (1978, 243) 
s t a t e s  ‘I t  is t h e  semantic  th eo ry  of th i s  m eta - language  upon which th e  
s ta t is t ica l  [ syn tac t ic )  theo ry  may be mapped."
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Semantic information is conce rned  with the  meaning of da ta .  Meaning 
however is d if f icult  to  d e f in e13. Odgen and  Richards  (1949) d i scu ssed  th e  
t r ia d ic  n a tu r e  of meaning and desc r ibed  it a s  involving (1) a  pe rson  
hav ing  t h o u g h t s ,  (2) a  s ign,  and (3) a  r e f e r e n t  ( t h a t  which is represented  
by th e  s ign) .  Semantic  Information theo ry  is not  conce rned  with coding 
o r  s t r u c t u r e  ( syn ta c t ic s )  o r  va lue  (pragm atics)  and only should  be used 
in examining th e  re la t ionsh ip  between s ig n s  and th e i r  r e fe ren t s .
Pragmatic  information is conce rned  with t h e  relation of s ig n s  to
u se r s .  C he r ry  (1978, 223) remarked th a t  th e  s tu d y  of pragmatic
information inc ludes  . . all personal ,  psychological  f a c to r s  which
d is t ing u ish  one communication e v e n t  from a n o the r ,  all qu es t io ns  of p u rpose ,
pract ical  r e su l t s ,  and  value to  s ign  u se r s "  (emphasis  added) .  S igns  can
have  d i f f e ren t  va lues  to  d i f f e ren t  indiv idua ls  and consequen t ly ,  can have
d i f fe ren t  levels of pragmatic  information ac ro ss  d i f f e r e n t  Individuals . It
is th e r e f o re  impossible to s e p a r a t e  the  va lue  of  information from
individuals .  C herry  (1978, 227) commented:
The pragmatic  p ro p e r t i e s  of any  message dep end  upon th e  pa s t  
exper iences  of th e  s e n d e r  o r  th e  rec ipient ,  upon th e i r  p r e s e n t  
c i rcum stances ,  th e i r  s t a t e s  of mind, and upon alt m at te rs  personal  to 
them as  Individuals.
13 C h e r ry  (1978, 341) s t a t e s  t h a t  th e  word meaning Is ambiguous and 
Is used  to  r e p r e s e n t  severa l  d i f f e ren t  concepts :
. . .  (1) Transla t ion ("What does th e  Latin amo mean?") (2) Near-  
synonyms,  as  in d ic t ionar ies  ("Hit" means " s t r ik e ." )  (3) Signif icance 
("What does  £ mean?") (4) Value ("Life has litt le meaning to me now").
Quine (1960) identified two domains of meaning: (1) th e  th eo ry  of 
meaning, and  (2) th e  th eo ry  of r e fe rence .  The th e o ry  of meaning is 
conce rned  with th e  logical t r u t h  and th e  logical equ iva lence  of s ta tem ents .  
The th eo ry  of r e fe ren c e  c o n ce rn s  ". . . ex tra - l in g u is t ic  t r u t h f u l n e s s  and 
re fe rence ,  w he th e r  a  s ta tem en t  is t r u e  ’in f ac t ’ and exper ience"  (Cherry  
1978, 226).
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Thus, pragmatic  information th eo ry  is concerned  with th e  e f fec ts  of 
information upon ind iv idua ls  and should not be used  to  examine e i th e r  t h e  
s y n ta c t ic s  o r  sem antics  of information.
Syn tac t ic  Information Theory
Syn tac t ic  information th e o ry  is conce rned  only with sy n ta c t ic
information. As HyvSrinen (1968, 2) notes:
On th i s  level of information we a re  malnty in te re s te d  in th e  number  of 
poss ib le  symbols,  words o r  some o t h e r  su i tab le  elements of information, 
th e i r  d u ra t io ns ,  s ta t is t ica l  and de te rmin is t ic  c o n s t r a in t s  of  su ccess iv e  
symbols imposed by th e  ru les  of adopted  lang u ag e  o r  coding system.
E xpressed  in simpler  term s,  sy n ta c t ic  information th e o ry  is conce rned  with
th e  expec ta t ions  and probab i l i t ies  of informational elements. Therefore ,
syn ta c t ic  information th eo ry  Is re la ted  to  probabi l i ty  th eo ry ,  th e  science
of un c e r ta in ty .  Both sy n ta c t ic  information theo ry  and  probabi l i ty  th eo ry
a re  concerned  with th e  probabi l i t ies  of occurrences and m easu res  of
u n c e r ta in ty  (Drechs le r  1969). The g r e a t e r  th e  probabi l i ty  of an even t
o c cu r r in g ,  th e  smaller t h e  sy n ta c t ic  information contained in th e  r e p o r t  of
its  o c cu r ren ce .  Conversely ,  t h e  smaller th e  probabi l i ty  of an even t
o c cu r r in g ,  th e  l a rg e r  th e  sy n ta c t ic  information contained in th e  r e p o r t  of
Its o c c u r r e n c e  (Bostwick 1968). These concep ts  a re  re la ted  to th e  s u r p r i s e
value of d a ta  items d i scussed  ear l ie r .  The l a rg e r  th e  s u r p r i s e  value
contained in a  da ta  item, the  l a rg e r  th e  amount of sy n ta c t ic  Information.
The message a bou t  th e  o c c u r re n c e  of an e v e n t  Is known as  a defini te
message and  th e  sy n ta c t ic  information conta ined  in th i s  message  is defined
as  log t /p , where  p is t h e  probabi l i ty  of th e  ev en t  o c c u r r in g  (Lev 1969a).
If a  message  co n ta in s  a  rev ised  probabi l i ty  of th e  o c c u r re n c e  of an even t ,
then  th i s  message  is r e f e r r e d  to  a s  a nondefini te  message  and the
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sy n ta c t ic  information conta ined  in th is  message is defined as  log q /p  where  
q is th e  rev ised  probabi l i ty  and p  Is th e  initial p robab i l i ty  (Lev 1969a)'*.
Whenever t h e r e  ex is ts  a  s e r i e s  of possible  even ts ,  t h e  expected 
s y n ta c t ic  information of a  message re la ted to  th i s  s e r ie s  of e v e n t s  is called 
e n t ro p y .  E ntropy  for  a defin i te  m essage  (a message indicat ing  which of 
th e  e v e n t s  o c c u r re d )  is defined (Lev 1969a) as:
(21) £  P i log -
M  Pi
The expected  sy n ta c t ic  information (e n t ro p y )  of a  nondefin i te  message (a
message  t h a t  indicates  c h an g e s  in th e  probabi l i t ies  of o c c u r re n c e  of the
e v e n t s )  is defined (Lev 1969a) as:
(2.2) E  «, lOfl - •
i - i  Pi
E ntropy  is ze ro  when t h e  probabi l i ty  of o c c u r re n c e  of any even t  (of all 
poss ible  e v e n t s )  is 1 and  in c re ase s  to a maximum when th e  probabi l i t ies  of
'* One reason fo r  us ing  logari thmic m easures  is t h a t  th e  amount of 
sy n ta c t ic  information req u i re d  to halve t h e  num ber  of poss ibi l i t ies  in any 
s i tua t ion  is equal to  log 2. Any base  of logari thms may be used ,  however  
logj (base  2) is th e  most commonly used  for  t h e  reason th a t  log22 = 1; 
th e re fo re ,  th e  amount of sy n ta c t ic  information req u i re d  to half the  num ber  
of possibi l i t ies  is equ iva len t  to  one  unit  o r  one bit (b inary  un i t )  (Staniland 
1966); t h e  r e s u l t  of us ing  na tu ra l  logar i thms to  m easu re  sy n ta c t ic  
information r e s u l t s  In n i t s  (Lev 1969a). O ther  rea so n s  for  us ing  logari thms 
a re  due  to  t h e i r  add i t ive  p ro p e r t i e s  and th e  fac t  t h a t  they  ref lec t  th e  
monotonicalIy d e c reas in g  funct ion  of sy n ta c t ic  Information—see  F igure  1 in 
Appendix 5.
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all poss ib le  e v e n t s  a r e  e q u a l15—see  F ig u re  2 In Appendix 5. For example, 
if a  100 p e r c e n t  p robab i l i ty  of rain  exis ted  and someone told you th a t  it 
was ra in ing ,  t h a t  message would contain  no sy n ta c t ic  information because  
you expected  it to  rain  with total c e r ta in ty  and th e  message did not  cause  
a revis ion of yo u r  ex pec ta t io n s1®. Also, no sy n ta c t ic  information would be 
contained in a message If t h e r e  is a ze ro  probabi l i ty  of rain and the  
message indicated t h a t  It was not ra in ing .  The amount of en t ropy  also 
in c re ase s  a s  th e  num ber  of possible  e v e n t s  in c r e a s e s 17.
15 This concep t  is re la ted  to u n c e r ta in ty .  As the  probabi l i t ies  of ail 
possible  e v e n t s  converge ,  th e  amount of u n c e r ta in ty  associa ted with the  
o c c u r re n c e  of any e v e n t  inc reases  and consequen t ly ,  th e  amount of e n t ro p y  
Increases .  Conversely ,  e n t ro p y  d e c re a se s  with a  d iv e rg en ce  of 
p robabi l i t ies  because  of  t h e  reduc t ion  in u n c e r ta in ty .  I f  u n c e r ta in ty  is 
zero,  th e  expected sy n ta c t ic  information co n te n t  of a  message  (en t ro p y )  is 
ze ro  because  th e  c o n te n t  of th e  message  is known with abso lu te  c e r ta in ty .
18 If someone told you th a t  it did not rain when a high probabi l i ty  
of rain  ex is ted ,  t h a t  message  would conta in  a high amount of sy n ta c t ic  
information because  your  beliefs would be dras t ica l ly  rev ised .  The en t ro p y  
In th i s  s i tua t ion ,  however,  would be small. This small m easure  of en t ro p y  
is a  c o n sequ en ce  of th e  fac t  t h a t  en t ro p y  Is a m easure  of th e  expected 
sy n ta c t ic  Information in a m essage  and is concerned  with the  syn tac t ic  
information and probabi l i t ies  of all poss ible  messages.  Although the  
message a bou t  th e  lack of rain would contain a high amount of sy n ta c t ic  
information, t h e  probabi l i ty  of i t s  o c c u r re n c e  would be small and, th u s ,  its 
c on tr ibu t ion  to  e n t ro p y  would be small. Conversely ,  a  message indicat ing 
rain would have  low sy n ta c t ic  information and a high probabi l i ty  of 
o c c u r r e n c e  and also would make a  small con tr ibu t ion  to e n t rop y .
17 As th e  num ber  of poss ible  e v e n t s  increases ,  th e  u n c e r ta in ty  of 
o c c u r re n c e  of any one  e v e n t  increases .  The inc rease  in u n c e r ta in ty  
r e s u l t s  in an inc rease  in en t ro p y .  For example, th e  amount of u n c e r ta in ty ,  
and t h u s  en t ro p y ,  assoc ia ted  with a  specific  play In a  football game would 
inc rease  if t h e  num ber  of ru le s  of play were reduced .  The e n t ro p y  would 
inc rease  because  ru le s  of play red u ce  un c e r ta in ty  by r e s t r i c t in g  th e  
num ber  of accep tab le  plays. Consequently ,  if fewer ru le s  were o b se rv e d ,  
t h e  amount of en t ro p y  would increase  because  t h e  num ber  of possible  
e v e n t s  (p lays)  would increase.
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Semantic Information Theory
Semantic  information th eo ry  is conce rned  with th e  re la t ionsh ip  
between s ig n s  and r e f e r e n t s  and  is used  to  in v es t ig a te  and analyze  th e  
meaning of data . Semantic information th eo ry  should  be used only to  
examine th e  semantic  information of simple d ec la ra t ive  s t a t e m e n t s 18 and is 
not  co n ce rn ed  with t h e  u s e r s  of t h e  s ta tem en ts .  C h e r ry  (1978, 238) 
explains:
The th eo ry  is in no way conce rned  with dis t inc t ion  between th e  
"meaning of a  s e n te n c e  to  a  rec ip ien t"  and the  " in tended  meaning of 
a speake r ," .  . . .  In fact ,  t h e  th e o ry  is not conce rned  with 
communication at  all—only with th e  semantic  information "contained In" 
s ta tem ents .
I t  is not  p rac t ical  to  apply semantic  Information th eo ry  to  rea l-world  
s i tua t ions ,  e.g.,  o b je c t - l a n g u a g e s  such  as English o r  F rench.  However, th e  
c o n ce p ts  of semantics  can be used  to  d e sc r ib e  o b je c t - l a n g u a g e s .
Noise
Noise in s y n t a c t i c  information th e o ry  Is th e  u n c e r ta in ty  of 
t r an sm i t te d  information given a n on -ze ro  probabi l i ty  of th e  o c c u r r e n c e  of 
e r r o r s  in t ransm iss ion  (HyvArinen 1968). E xpressed  in simpler  terms,  
sy n ta c t ic  noise  is d esc r ibed  as  d is to r t ion  of communication s ignals .  Applied 
to  accounting ,  th i s  concep t  encom passes  e r r o r s  and d e l ibe ra te  manipulat ions
8 An example of th e  p r o p e r  u se  of semantic  information th eo ry  is 
given by C herry  (1978). The s i tua t ion  involves books and w he ther  th e  
books a r e  (1) fiction (F) o r  nonfict ion (not  F), and  (2) w r i t ten  In English 
(E) o r  wri t ten  in a non-E ng l ish  l anguage  (not E). Example of s ta tem en ts  
to  which semantic  Information th eo ry  can be applied  include:
(1) F( l  E, : book a is fiction and  wri t ten  in English, and
(2) Fa & not E# : book a is fiction and not  wri t ten  in English.
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of  th e  f inancial s ta te m e n ts  (Nakano 1972),s. Semantic  noise, in co n tra s t ,  
can be defined as  d is to r t ion  of t h e  message  t ransm it ted .  In o th e r  words,  
a  m essage  Is t r an sm i t te d ,  but  is m isunders tood  by th e  rece iver .  According 
to  Nakano (1972), semantic  noise  may be th e  r e s u l t  of th e  r e c e iv e r ’s  (1) 
lack of exper ience  in communication, (2) Insuff ic ien t  knowledge of  th e  
so u rc e  of th e  t ransm iss ion ,  o r  (3) lack of u n d e r s t a n d in g  of the  
communication environment .
Noise r e q u i r e s  t h e  need fo r  addit ional  e f fo r t  in the  determinat ion  of 
t h e  original message, and noisy s igna ls  n e v e r  can redu ce  th e  amount of 
u n c e r ta in ty  s u r r o u n d i n g  a communication to ze ro  (Nakano 1972). This 
r e s e a rc h  in v es t ig a te s  both syn ta c t ic  and semantic  noise.
Conditional E ntropy  and Equivocation
Conditional e n t ro p y  is th e  ", . . a v e ra g e  amount of remaining 
u n c e r ta in ty  a f t e r  rece iv ing  a noisy s ignal.  . (Nakano 1972, 695) and  is 
calculated a s  follows:
(2-3) E  iW Q  log — 1
tj
where  P(Xj,Yj)  is t h e  probabi l i ty  th a t  X} has  been t r an sm i t te d  and Yj has 
been received ,  and P(Xj\Yj)  is t h e  conditional p robabi l i ty  t h a t  X, has  been 
t ransm i t ted  when Vj Is received (Nakano 1972). Thus  th e  a v e ra g e  amount
,s The concept  of sy n ta c t ic  noise is re la ted to  quali ta t ive  
c h a ra c te r i s t i c s  of accoun t ing  information in SFAC No. 2. Representa t ional  
f a i th fu lness  is d e sc r ib ed  as  '. . . c o r re sp o n d e n c e  o r  ag reem ent  between a 
measure  o r  de sc r ip t ion  and th e  phenomenon it p u r p o r t s  to r e p r e s e n t "  
(FASB 1900, 27). Verifiability of accoun t ing  information e n s u r e s  th a t  similar 
r ep o r t in g  of economic e v e n ts  by in d ep e n d en t  m e a su re rs  u s in g  th e  same 
method of measurement  would resu l t .  To be neu tra l ,  accoun t ing  information 
must fai thfully  r e p o r t  e v e n t s  without bias. These t h r e e  c h a ra c te r i s t i c s ,  in 
t u r n ,  compose the  more general  qua l i ta t ive  c h a ra c te r i s t i c  of reliability.
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of sy n ta c t ic  information th a t  can be communicated on a noisy channel Is 
t h e  d i f fe rence  between th e  e n t ro p y  and th e  conditional e n t ro p y  of a given 
information so u rc e  and Is called equivocat ion (Nakano 1972).
Redundancy
Two t y p e s  of r e d u n d a n c y  a re  d i f fe ren t ia ted :  sy n ta c t ic  r e d u n d a n cy  
and semantic  red u n d a n c y .  Syn tac t ic  red u n d a n c y  is th e  ex is tence  of coding 
(data )  beyond th a t  needed  to  convey a  message.  The excess  d a ta  does not
c h ang e  th e  meaning of t h e  original message.  See Appendix 1 for  a
d iscussion  of th e  sy n ta c t ic  r e d u n d a n c y  in a c c ru a l -b a s e d  financial
s ta tem en ts .  Semantic  r e d u n d a n c y  Is th e  ex is tence  of da ta  t h a t  p r e s e n t s  a 
message in a format d i f f e ren t  th an  th e  original message.
Syn tac t ic  r e d u n d a n cy  is a  s t a t e  where  the  sy n ta c t ic  information o r
expected  sy n ta c t ic  information of a  signal  is lower than  i ts  capaci ty  for
sy n ta c t ic  information due  to da ta  in t h e  signal t h a t  c onveys  no sy n ta c t ic
information^.  I t  would seem th a t  sy n ta c t ic  red u n d a n c y  s e r v e s  no useful
pu rpose .  However, the  p re s e n c e  of sy n ta c t ic  red u n d a n c y  in a noisy
channel  makes th e  in te rp re ta t io n  of a  signal possible  (Hyvftrinen 1968).
The concep t  of sy n ta c t ic  red u n d a n c y  Is expanded by Nakano (1972, 697):
In [syn tac t ic ]  information th eo ry ,  " r e d u n d a n c y ” means ex is tence  of 
in te rd e p e n d e n c e  among th e  s igna ls  o r  m essages  to be t ransm i t ted  
(hence  ex is tence  of p red ic tab i l i ty  of a forthcoming signal o r  message  
on th e  bas is  of the  a lready received ones) . This i n te rd e p e n d e n c e  is 
c re a te d  by th e  use  of  excess ive  o r  r e d u n d a n t  encoding  ru le s  above  
th e  minimum n e c e s sa ry  for  th e  communication.
This definition re f lec ts  th e  t rad i t ional  philosophy of r e d u n d a n t  
da ta  in sy n ta c t ic  information theo ry .  In th is  s tu d y ,  t h e  concep t  of 
sy n ta c t ic  red u n d a n c y  is expanded  to  encompass da ta  t h a t  acq u i re  th e  
sy n ta c t ic  information con ten t  of th e  original  d i s to r te d  message.
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Syn tac t ic  re d u n d a n c y  is re la ted  to  th e  Fundamental  Theorem of
(Syn tac t ic )  Information Theory (Hyv&rinen 1960, 97):
I t  is poss ible  to  t r ansm i t  [ syn tac t ic ]  Information th r o u g h  a noisy 
channel  with an a rb i t r a r i l y  small p robab i l i ty  of e r r o r  If, and only if, 
t h e  r a t e  of Information is less  th an  th e  channel  capaci ty .
Thus, th e  in t roduc t ion  of an a p p rop r ia te ly  conceived sy n ta c t ic  red u n d a n cy
s t r a t e g y  to  th e  communication of financial information should  improve the
reliability of  th e  communication^*.
Another  a d v a n ta g e  of syn ta c t ic  re d u n d a n c y  is t h a t  it o f f e r s  the  
r ec e iv e r s  of a communication th e  possibil i ty  of s t r a t e g y  (Staniland 1966). 
N o n - re d u n d a n t  da ta  is e i th e r  pe rce ived  o r  not perceived .  Data conta in ing  
s y n ta c t ic  r e d u n d a n c y  gives th e  rece ive r  a choice of poss ibi l i t ies  In 
e x t rac t ing  sy n ta c t ic  information from a signal. The choice of poss ibi l i t ies  
in th e  in te rp re ta t io n  of  a signal  enab les  su c c e ss  in t h e  most eff icient  
m anner  (S tani land  1966). Syn tac t ic  r e d u n d a n c y  is e x p re ssed  in th e  
following m anner  (HyvSrlnen 1968):
where  R r e p r e s e n t s  sy n ta c t ic  red u n d a n c y ,  A r e p r e s e n t s  e n t ro p y  and Cm  
r e p r e s e n t s  th e  channel  capaci ty  ( the  maximum amount of sy n ta c t ic  
information t h a t  can be conveyed by a method of communication).
* Since  accoun t ing  da ta  a r e  su b j e c t  to  d is tor t ion  by syn tac t ic  noise, 
it a p p e a r s  t h a t  t h e r e  should  be u n c e r ta in ty  a s  to  w he ther  th e  co r re c t  
s igna ls  have  been received by u s e r s  of financial s ta tem ents .  Some of the  
u n c e r ta in ty  t h a t  r e s u l t s  from syn ta c t ic  noise is removed th ro u g h  the  
perform ance  of an audit .  However, even an au d i t  canno t  remove all 
sy n ta c t ic  noise. To reduce  th e  un c e r ta in ty  re g a rd in g  th e  s igna ls  
t r an sm i t te d  in financial s ta tem en ts  to zero, all t r a n s a c t io n s  and e v e n t s  
would have  to  be examined. Since th i s  Is not cos t  e ffect ive ,  an aud i t  is 
s t r u c t u r e d  to  r ed u ce  th e  remaining syn tac t ic  noise to a to le rable  level.
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Semantic r e d u n d a n c y  Is th e  r e s u l t  of multiple t ransm iss ions  of th e  
same m essage  in one  o r  more s ignals .  The r e d u n d a n t  m essages  have  th e  
same meaning as  th e  original  message  b u t  have  a  d i f f e ren t  format . The 
p u r p o s e  of p re s e n t in g  th e  message in d i f f e ren t  ways is to r ed u c e  semantic  
noise  and enable  th e  r e c e iv e r s  of th e  message  to  i n t e r p r e t  t h e  message 
co rre c t ly ^ .
Pragmatic  Information
The value and u se fu ln ess  of information Is in he ren t ly  assoc ia ted  with 
th e  u s e r s  of t h a t  information and it is ultimately th e  value and u se fu ln ess  
of  information th a t  is of concern  to  th e  use rs .  This fact  is recognized In 
SFAC No. 2 (FASB 1980, ix):
The p u r p o s e  of th i s  Sta tement  is to  examine the  c h a ra c te r i s t i c s  
th a t  make accoun t ing  information useful. . . .
. . .  The usefulness of information must  be evaluated  in relation 
to th e  p u r p o s e s  to be se rv ed .  . . .
The c h a ra c te r i s t i c s  of information th a t  make it a  des i rab le  
commodity can be viewed as  a h ie ra rch y  of quali t ies ,  with usefulness 
fo r  decision making of most importance (emphasis  added) .
The ultimate t e s t  of  account ing  d a ta  is th e  t e s t  for  value o r  u se fu lness  and
involves th e  examination of accounting  da ta  for  pragmatic  information.
Cherry  (1978) notes  t h a t  semantic  red u n d a n c y  r e q u i r e s  th a t  
additional s ig n s  be used in communication.
^  U ncer ta in ty  t h a t  r e s u l t s  from semantic  noise must  be reduced  
th r o u g h  the  use  of methods d i f f e ren t  th an  those  used  to r ed uce  
u n c e r ta in ty  from sy n ta c t ic  noise. The reduc t ion  of semantic  noise usually 
Involves the  t r a in in g  of u s e r s  to co r rec t ly  i n t e r p r e t  information o r  th e  
addit ion of addit ional  da ta  t h a t  p r e s e n t s  t h e  original message in a d i f f e ren t  
format. An example of p re s e n t in g  a m essage  in a  d i f f e ren t  format Is th e  
u se  of p r ice- level  a d ju s t e d  da ta  (semantical ly r e d u n d a n t  da ta )  to 
compensate  for  u n c e r ta in ty  t h a t  r e s u l t s  from th e  e f fec ts  of  Inflation 
(semantic  noise) on h is to r ica l -cos t  d a ta  (Nakano 1972).
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Pragmatic  information,  however,  c anno t  be s e p a r a te d  from individual  u se r s .
The same accoun t ing  d a ta  can have  d i f f e ren t  levels  of pragmatic
information fo r  d i f f e ren t  u s e r s  t h u s  n ecess i t a t in g  th e  assum ption  of an
a v e ra g e  u s e r  to  t e s t  accoun t ing  da ta  fo r  pragm atic  information. This
assumption  is i n h e r e n t  to  th e  sect ion  of SFAC No. 1 (FASB 1978, 17-18) th a t
d e sc r ib e s  th e  t y p e  of accounting  d a ta  t h a t  is useful  to u se r s :
. . . financial r e p o r t in g  should  p rov id e  information to  help inves to rs ,  
c re d i to r s ,  and  o t h e r s  a s s e s s  th e  amounts, timing, and u n c e r ta in ty  of 
p ro sp e c t iv e  ne t  cash  Inflows. . . .
In th i s  s ta tement ,  t h e  FASB is making an assum ption  a bou t  th e  t y p e  of
information t h a t  is useful  to  the  a v e ra g e  u s e r  of  accounting  data.  This
s tu d y  also assum es  t h a t  da ta  about  f u t u r e  cash  flows is useful  to the
a v e ra g e  u s e r  of accounting  data.
Accounting r e s e a r c h e r s  aiso have  recognized  t h e  importance  of cash
flows to u s e r s  of financial data . Watts and Zimmerman (1986) note t h a t  one
of th e  assum pt ions  un d e r ly in g  many capita l m arke t  s tu d ie s  is t h a t  e a r n in g s
is a  s u r r o g a te  fo r  cash  flows. In fact ,  they  also note  th a t  c u r r e n t
e a rn in g s  may be more highly assoc ia ted  with f u t u r e  c ash  flows than
c u r r e n t  cash flows Indicating t h a t  th e  accrual  components  of e a rn in g s  have
pragmatic  information. This s tu d y  examines th e  pragmatic  information of
accounting  accrua ls .
Theory of th e  Func t ions  
of Accounting Accruals
The th e o ry  of th e  fu n c t io ns  of accoun t ing  acc ru a l s  ca tego r ize s
accounting  acc ru a l s  by t h e i r  funct ion.  Consequently ,  th i s  theo ry  is a
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d e sc r ip t iv e  t h e o r y 24. More specifically,  t h e  th eo ry  of  th e  func t ions  of 
accounting  acc ru a l s  is a c lassif ication t h e o r y 25 because  it d e sc r ib e s  
mutually exclusive  c a teg o r ie s  of  accoun t ing  a cc ru a l s28.
The th e o ry  of th e  fu n c t ion s  of accoun t ing  acc ru a l s  Is induced from 
o b se rva t io n  of accounting  accrua ls .  One t y p e  of accounting  accrual  
re f lec ts  incomplete t r a n s a c t io n s  u n d e r  a sys tem  of cash  r e c e ip t s  and  cash 
d isb u rsem en ts .  The funct ion  of th e se  acc ru a l s  is to  convey da ta  about  
economic e v e n t s  assoc ia ted  with Incomplete cash  t ransac t io ns .  These 
a cc ru a l s  a r e  r e f e r r e d  to  as  syn tac t ica l ly  r e d u n d a n t  accrua ls .  The second 
ty p e  of accounting  accrual  p r e s e n t s  m essages  in a d i f f e r e n t  format than  
th e i r  c o u n te r p a r t s  in a  sys tem  of cash  r ec e ip t s  and  cash d isbu rsem en ts .  
The funct ion  of th e s e  acc ru a l s  is to  enable  accounting  da ta  u s e r s  to 
pe rce ive  m essages  t h a t  may be unc lear  when signaled  u n d e r  a sys tem  of 
cash  rece ip ts  and cash  d isbu rsem en ts .  These a cc ru a l s  a r e  r e f e r r e d  to  as  
semantically r e d u n d a n t  acc rua ls .  The th eo ry  of t h e  fu n c t io ns  of accounting
24 According to  Fawcett  and Downs (1986, 4-5),  d e sc r ip t iv e  theo r ie s  
. . d e sc r ib e  o r  class ify  specif ic  dimensions o r  c h a r a c te r i s t i c s  of
individuals ,  g ro u p s ,  s i tu a t io n s  o r  e v e n t s  by summarizing t h e  commonalities 
found in d i sc re te  o bse rva t ions ."
25 A classif ication th eo ry  is a  ty p e  of  d e sc r ip t iv e  th e o ry  th a t
. . . s t a t e s  t h a t  th e  dimensions o r  c h a r a c t e r i s t i c s  of a  given
phenomenon a re  s t r u c tu r a l l y  in te r re la ted .  The dimensions may be 
mutually exclusive, ove r lapp ing ,  h ierarch ia l ,  o r  sequent ia l .  
Classification th e o r i e s  f r e q u e n t ly  a re  r e f e r r e d  to  as  typo log ies  o r  
taxonomies (Fawcett  and Downs 1986, 5).
28 Some cash  flow da ta  is so highly  a g g re g a te d  in t h e  s ta tem en t  of 
c h an g es  in financial position and  th e  s ta tem en t  of cash flows t h a t  th e  
a rg u m en t  may be made t h a t  some semantically r e d u n d a n t  accounting  
a cc rua ls  a r e  also syn tac t ica l ly  r e d u n d a n t  ( th e  Information of the  original 
da ta  is lost t h ro u g h  agg rega t ion . )  This r e sea rch ,  however,  assum es  th a t  
th e  two ca tego r ies  of accounting  acc rua ls  a re  mutually exclusive.
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acc ru a l s  s t a t e s  t h a t  accoun t ing  acc ru a l s  a r e  e i th e r  syn tac t ica l ly  r e d u n d a n t  
o r  semantically r e d u n d a n t  in function.
Because  a sys tem  of cash  r ec e ip t s  and  cash  d i s b u r s e m e n ts  focuses  on 
d i s c re t e  t r a n s a c t io n s ,  economic e v e n t s  th a t  have not  resu l ted  In completed 
cash  t r a n s a c t io n s  a t  t h e  end of a  rep o r t in g  period a re  not  disclosed. The 
m essages  assoc ia ted  with t h e s e  incomplete t r a n s a c t io n s  a r e  not rep o r ted  
(s ignaled)  u n d e r  a sys tem  of cash  rece ip ts  and cash  d isb u r se m e n ts  in the  
period assoc ia ted  with th e  economic messages. Periodic rep o r t in g  u n d e r  
a  sys tem  of cash  r ec e ip t s  and  cash  d i sb u r se m e n ts  in t ro d u c es  sy n tac t ic  
noise into financial  r e p o r t s  b ecause  some of th e  economic messages  a r e  not  
disclosed (s igna led)^ .
Conceptually,  syn tac t ica l ly  r e d u n d a n t  accoun t ing  acc rua ls  a re  
cons idered  r e d u n d a n t  because  they  enab le  financial s ta tem en t  u s e r s  to 
rece ive  s igna ls  t h a t  a r e  d i s to r te d  by sy n ta c t ic  noise. In t h i s  case,  noise 
is in t roduced  into th e  financial rep o r t in g  p ro c e ss  by per iod ic  rep o r t in g  
u n d e r  a  sys tem  of cash  rece ip ts  and cash  d isbu rsem en ts .  Syntact ica lly  
r e d u n d a n t  acc ru a l s  a r e  used to  r eco ver  some of the  information lost to 
noise.
* The m essages  t h a t  a r e  not  s igna led  a re  those  t h a t  a r e  associated 
with th e  incomplete cash  t ran sac t ion s .  Bedford (1965, 30) d esc r ibed  th is  
s i tuat ion:
Essentia lly , t h e  accrual  p rocess  is an accounting  fo r  economic 
act iv i t ies  between t r a n s a c t io n s  o r  for  ac t iv i t ie s  leading up to a 
t ran sac t io n .  That  is, economic act iv i ty  may be init iated by a p u r c h a s e  
t ran sac t io n  and may be te rm inated  by a sa les  t ransac t io n ,  bu t  
a c c o u n ta n ts  must  rely upon th e  accrual  p rocess  to reveal  economic 
act iv i ty  between th e  initial t r an sac t io n  and th e  final t r an sac t ion .  
Alternatively, economic act iv i ty  may be init iated by t h e  expectation of 
a f u t u r e  t r an sac t io n ,  such  as  an employee’s  s t a r t i n g  to  work with th e  
expecta t ion t h a t  he will be paid la ter ,  and th e  accrual  p ro c e s s  must  be 
used to reveal th e  economic act iv i ty  p r io r  to  th e  final exchange  
t ransac t ion .
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This con cep t  is explained by an example. Imagine th e  periodic 
accounting  re p o r t in g  p ro c e ss  as  a  communication p ro c e ss  similar to a  batch 
p ro cess in g  opera t ion .  Individual  m essages  ( t r an sa c t io n s )  a r e  accumulated 
(and a g g re g a te d )  until  t h e  p a ssa g e  of time r e q u i r e s  t h e  t ransmiss ion  of th e  
signal  (financial  s ta tem ents) .  In a sys tem  of cash  rec e ip t s  and cash 
d isbu rse m en ts ,  some t r a n s a c t io n s  a re  not complete at  th e  t ransmiss ion  date  
( r e p o r t in g  da te )  and t h u s  th e  messages  assoc ia ted  with th o se  incomplete 
t r a n s a c t io n s  a r e  not  s ignaled.  An example would be t h e  de l ivery  of 
inven to ry  items before  th e  financial rep o r t in g  da te  with payment  made 
a f t e r  th e  financial  s ta tem en t  c u t - o f f  date. Because payment  Is made a f te r  
th e  financial r e p o r t in g  date, t h e  reco rd ing  (s igna l ing)  of th e  economic 
e v e n t  o c cu rs  a f t e r  th e  r e p o r t  c u t -o f f  date. A second example would be th e  
sale  of inven to ry  Items before  th e  r e p o r t in g  da te  with payment  received 
a f t e r  th e  r e p o r t in g  date. A system of cash  rece ip ts  and cash  
d i sb u r se m e n ts  would re s u l t  in d i s to r t io n s  of th e  s igna ls  assoc ia ted  with 
th e s e  incomplete t ran sac t ion s .
A p u r p o s e  of th i s  r e sea rch  is to  examine th e  information contained 
in syn tac t ica l ly  r e d u n d a n t  accoun t ing  accrua ls .  As s ta ted  ear l ie r ,  it is th e  
pragmatic  information o f  account ing  da ta  th a t  is of ultimate in te r e s t  to 
accounting .  This s t u d y  examines th e  pragmatic  information of syntact ica lly  
r e d u n d a n t  acc rua ls .
The semantic  r e d u n d a n ce  of acc ru a l s  p ro v ides  s igna ls  of economic 
m essages  in d i f f e re n t  formats  th an  the  original  s ignals .  A sys tem  of cash  
rece ip ts  and  cash  d i sb u rse m en ts  may sometimes lead to  a  m is in te rp re ta t ion  
of t h e  meaning of accounting  s igna ls .  Examples of messages  th a t  may be 
m is in te rp re ted  u n d e r  a sys tem of cash  r e c e ip t s  and cash  d i sb u rse m en ts
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Include (1) t h e  p u r c h a s e  of long-l ived machinery  and (2) p repaym en t  of 
insurance .  In both  cases ,  a  sys tem  of cash  r ec e ip t s  and cash  
d i sb u r se m e n t s  r e s u l t s  in both items being  r ep o r te d  a s  cash  d i sb u rse m en ts  
in th e  p u r c h a s e  period.  In both examples, f u t u r e  economic benef i t s  a r e  
expected  to  r e s u l t  from th e  t r a n s a c t io n s  and t h u s  th e  economic e v e n t s  a re  
not d i s c re te  b u t  con tinuous .  A sys tem  of cash  r e c e ip t s  and cash  
d isbu rse m en ts ,  however,  t r e a t s  th e se  economic e v e n t s  a s  d i s c re te  and does 
not re f lec t  th e  f ac t  t h a t  th e s e  economic e v e n t s  affec t  f u t u r e  cash  flows and 
f u t u r e  perform ance  of  th e  firm28. Thus, th e  u s e r s  of  financial s t a tem en ts  
may not i n t e r p r e t  t h e  m essages  signaled u n d e r  a sys tem  of cash  rece ip ts  
and cash  d i sb u r se m e n ts  co rrec t ly .  If the  m essages  a re  misunders tood ,  
semantic  noise is p re sen t .  Semantlcaily r e d u n d a n t  accounting  acc rua ls  
prov ide  t h e  same message  a s  th e i r  c o u n t e r p a r t s  u n d e r  a system of cash  
rece ip ts  and cash  d i sb u rsem en ts ;  however, th e  message  is p rov ided  in a 
format th a t  Is more easily comprehended.  Semantically r e d u n d a n t  acc ru a l s  
conta in  pragmatic  information If they  reduce  semantic  noise associated with 
periodic  r e p o r t s  i ssued  u n d e r  a sys tem of cash  r e c e ip t s  and cash  
d isbu rsem en ts .
A p u rp o s e  of th i s  r e s e a rc h  is to  examine th e  pragm atic  information 
of semantically r e d u n d a n t  accounting  accrua ls .  The fac t  t h a t  syn ta c t ic  and  
semantic  information a re  s u b s e t s  of pragmatic  information (Cherry ,  1978) 
makes th e se  examinations possible . The examination of th e  pragmatic  
Information of syntac t ica l ly  r e d u n d a n t  and semantically r e d u n d a n t  acc rua ls  
is co n s i s ten t  with th e  u se s  of informational co n cep ts  d iscussed  ear l ie r :
See Bedford (1965) fo r  a d iscussion  of th e  use  of d i sc re te  
t r a n s a c t io n s  to  ref lec t  con t inuous  economic even ts .
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syn ta c t ic  and semantic  information th eo r ie s  a re  not being used  to examine 
pragm atic  information.
Theory of th e  Pragmatic  Information 
of Accounting Accruals
The th eo ry  of th e  pragm atic  information of account ing  acc ru a l s
explains why accoun t ing  a c c ru a l s  conta in  pragmatic  information. This
th eo ry  is an exp lana to ry  t h e o r y 29. Three  axioms a re  used to  deduce  th e
th eo ry  of  th e  pragm atic  information of accoun t ing  accrua ls :
Axiom 1: The pred ic t ion  of f u t u r e  cash  flows can be enhanced  by 
add in g  syn tac t ica l ly  r e d u n d a n t  accounting  acc ru a l s  to  c a s h ­
flow d a ta 30.
Axiom 2: The pred ic t ion  of f u t u r e  cash  flows can be enhanced  by 
add ing  semantically r e d u n d a n t  accoun t ing  acc ru a l s  to  c a s h ­
flow data.
Axiom 3: Data t h a t  e n h an c es  th e  pred ic t ion  of f u t u r e  cash  flows when 
added  to cash-f low da ta  con ta ins  pragmatic  information .
The th eo ry  of th e  pragmatic  information of accounting  acc ru a l s  s t a t e s  t h a t
syn tac t ica l ly  r e d u n d a n t  and semantically r e d u n d a n t  account ing  acc ru a ls
have pragmatic  information because  account ing  acc rua ls  e n h an ce  the
pred ic t ion  of f u t u r e  cash  flows when added  to cash-f low data .
Axiom 1 and Axiom 2 a re  de r ived  from th e  Financial Accounting
S ta n d a r d s  Board’s  (FASB’s)  posi tion in th e  S ta tem ent  of Financial
Accounting Concepts (SFAC) No. 1 th a t  accounting  acc ru a l s  a s s i s t  financial
"Explanatory  th eo r ie s  specify  re la t ions  between dimensions o r  
c h a r a c te r i s t i c s  of indiv iduals ,  g ro u ps ,  s i tua t ions ,  o r  e v en ts"  (Fawcett  and 
Downs 1986, 6).
30 Cash-flow da ta  is defined  In th i s  s t u d y  a s  cash  and cash flows 
from opera t ions ,
3t This axiom e q u a te s  p red ic t iv e  abil i ty  with value.
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s ta tem en t  u s e r s  in fo rec as t in g  f u t u r e  cash  flows. The FASB (1978, 21) 
s t a t e s  t h a t  investors* and  c r e d i to r s ’
. . . i n t e r e s t  in an e n t e r p r i s e ’s f u t u r e  cash  flows and i ts  abi l i ty  to 
g e n e r a te  favorab le  cash  flows leads pr imarily to  an in te r e s t  in 
Information about  i ts  e a r n in g s  r a t h e r  than  information d irec t ly  about  
i ts  cash  flows. Financial s ta te m e n ts  t h a t  show only cash  r ec e ip t s  and 
payments  d u r in g  a sh o r t  period,  such  as a  y ear ,  c anno t  adequa te ly  
indicate  w h e th e r  o r  not an e n t e r p r i s e ' s  pe rfo rm ance  Is success fu l .  
Information about  e n t e r p r i s e  e a r n in g s  and i ts  components  measured  by 
accrual  accoun t ing  general ly  p ro v id es  a b e t t e r  indicat ion of e n t e r p r i s e  
pe rform ance  than  information abou t  c u r r e n t  cash  r e c e ip t s  and 
payments .
Axiom 3 e n s u e s  from t h e  FASB’s  posi tion in SFAC No. 1 t h a t  da ta  th a t  
enab les  financial  s ta tem en t  u s e r s  to fo rec as t  f u t u r e  cash flows is useful  
(p ro v id es  pragmatic  information) to  u se r s .  The FASB (1978, 17-19) notes  
tha t :
. . . financial r e p o r t in g  should  p ro v ide  information to  help inves to rs ,  
c re d i to r s ,  and o t h e r s  a s s e s s  th e  amounts,  timing, and u n c e r t a in ty  of 
p ro sp e c t iv e  cash  Inflows . . . .
. . . In v es to rs ,  c re d i to r s ,  and  o th e r s  need information to  help them 
form rational expec ta t ions  abou t  . . . p ro sp e c t iv e  cash  r ec e ip t s  and  
a s s e s s  t h e  risk t h a t  th e  amounts  o r  timing of th e  r e c e ip t s  may differ  
from expec ta t ions ,  including information th a t  he lps  them a s s e s s  
p ro sp e c t iv e  cash flows to  t h e  e n t e r p r i s e  in which they  have  inves ted  
o r  to  which they  have loaned funds .
SFAC No. 1 s u g g e s t s  t h a t  any da ta  t h a t  can be used  to  c o n s t r u c t  fo recas ts
of f u t u r e  cash  flows t h a t  a r e  more p rec ise  than  fo re c a s t s  p roduced  with
only cash-f low da ta  con ta ins  pragmatic  Information. The th eo ry  of the
pragmatic  information of accounting  a c c ru a l s  s t a t e s  t h a t  both syntac t ica l ly
r e d u n d a n t  and semantically r e d u n d a n t  accounting  acc rua ls  combined with
cash-flow d a ta  p rov ide  for  more prec ise  estimation of f u t u r e  cash  flows
than  only cash-flow da ta  and,  th e re fo re ,  syntac t ica l ly  r e d u n d a n t  and
semantically r e d u n d a n t  accounting  acc rua ls  contain pragmatic  information.
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Accounting Accruals  and th e  Financial 
Sta tement  Time Frames
The u se  of accoun t ing  acc rua ls  also is assoc ia ted  with time. 
Syntac t ica l ly  r e d u n d a n t  acc ru a l s  re la te  financial s ta te m e n ts  issued  e a r l ie r  
in time to  financial s ta te m e n ts  issued later .  Semantically r e d u n d a n t  
acc rua ls  r e s u l t  in th e  d is t r ib u t io n  of th e  signal  of an economic e v e n t  ove r  
time. The longer th e  period of time covered  by financial s ta tem ents ,  the  
more similar r e p o r t s  of cash  r ec e ip t s  and cash  d i sb u r se m e n ts  and accrual  - 
bas is  financial s ta tem en ts  become. This r e su l t  is d u e  to th e  fact  t h a t  the  
noise  in t roduced  into  r e p o r t s  of cash  r ec e ip t s  and  cash d i sb u r se m e n ts  by 
periodic  r e p o r t in g  d e c rea se s  in relation to  th e  total s ignal  as  th e  time 
period covered  by th e  financial r e p o r t s  increases .  Conversely ,  th e  noise 
in t roduced  Into r e p o r t s  of cash  rece ip ts  and cash  d i sb u r se m e n ts  by 
periodic  rep o r t in g  in c re ase s  in relation to  th e  total signal  as th e  time 
period covered  by th e  financial  r e p o r t s  d ec reases .  Any r e d u n d a n t  da ta  
(acc ru a ls )  In troduced  into t h e  accrual  financial s ta te m e n ts  h as  less 
information as th e  time period covered  by th e  s ta te m e n ts  in c reases  b ecause  
of th e  reduc t ion  in th e  no ise - to -s lgna l  ratio; however , th i s  r e d u n d a n t  da ta  
has inc reas ing  information as th e  time period covered  d e c re a se s  because  
of th e  increase  in th e  no ise - to -s igna l  ratio. This s tu d y  examines th e  effect  
of t h e  time frames of financial  s ta tem en t  d a ta  upon th e  pragmatic  
information of syn tac t ica l ly  r e d u n d a n t  and semantically r e d u n d a n t  accrua ls .
Summary
This c h a p te r  d i scussed  p rev io u s  accoun t ing  inqu ir ie s  Into (1) 
sy n ta c t i c  information theo ry ,  (2) semantic  information th eo ry ,  and (3) th e  
information co n te n t  of  accounting  acc ru a ls  a n d / o r  cash-f iow data .  A
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d iscussion  of p rev io u s  s tu d ie s  also was p re sen te d .  The con tr ibu t ion  of 
t h i s  s t u d y  to  t h e  l i t e r a tu r e  was d i scussed .  This c h a p t e r  also contained a 
d iscussion  of t h e  th eo r ie s  of accoun t ing  acc ru a l s  t h a t  a re  a major focus  of 
t h i s  re sea rch .
CHAPTER 3  
METHOD
This c h a p te r  d i s c u s se s  th e  r e sea rch  h y p o th eses  de r ived  from th e  
th eo ry  of th e  fu n c t io ns  of accoun t ing  acc ru a i s  and th e  theo ry  of th e  
pragmatic  information of accounting  accrua ls .  A detailed explanation of th e  
method th a t  is used to  in v es t ig a te  the  r e sea rch  h y p o th e s e s  also Is included 
in th i s  c h a p te r .  Inc luded  in th e  d iscussion  of method a re  th e  following 
topics:  In depend en t  va r iab les ,  d e p e n d e n t  var iab les ,  r e s e a rc h  design ,  da ta  
collection, fo rec as t in g  of f u t u r e  cash  flows, and s ta t is t ica l  tech n iqu es .
Testing the  Theories  of Accounting Accruals  
The th eo ry  of th e  fu n c t io ns  of accounting  acc rua ls  and  the  th eo ry  
of t h e  pragm atic  information of accounting  acc ru a i s  a re  th e  focus of th e  
empirical port ion of th i s  s tu d y .  Research will e i t h e r  s u p p o r t  the  th eo r ie s  
o r  will indicate  t h a t  revis ion o r  abandonm ent  of th e  theo r ies  is n e ce ssa ry .  
Because th e  th eo ry  of th e  pragmatic  information of accounting acc ru a l s  
re l ies  on th e  th e o ry  of  t h e  func t ions  of accounting  acc ru a l s  fo r  th e  
ca tegor iza t ion  of accoun t ing  acc ru a ls  by funct ion,  d i rec t  te s t in g  of the  
th eo ry  of pragmatic  Information of accounting  acc ru a l s  will r e s u l t  in 
ind irec t  t e s t in g  of t h e  th e o ry  of t h e  func t ions  of accounting  accrua ls .  
This ind irec t  te s t in g  app ro ach  is used  In th is  s tu d y ' .  Therefore ,  the
' Direct t e s t s  of th e  th eo ry  of th e  func t ions  of accounting  acc rua ls  
would r e q u i r e  th e  determination  of probabi l i t ies  assoc ia ted  with a var iab le  
of In te res t ,  e.g.,  f u t u r e  cash  flows o r  e a rn in g s  p e r  sh a re ,  fo r  accounting
55
56
r e s e a rc h  ques t ions ,  r e s e a rc h  h y po th eses ,  var iab les ,  r e sea rch  design ,  da ta  
manipulations,  and s ta t is t ica l  t e s t s  have  d e s ig n s  based on th e  th e o ry  of th e  
pragmatic  information of accoun t ing  accrua ls .
Research Quest ions
The r e sea rch  q u e s t io n s  a d d re s s e d  in th i s  s t u d y  are:
1. Do syn tac t ica l ly  r e d u n d a n t  accoun t ing  acc ru a l s  p o s s e s s  pragmatic  
information?
2. Do semantically r e d u n d a n t  accounting  acc ru a l s  p o sse s s  pragmatic  
information?
3. Do syn tac t ica l ly  r e d u n d a n t  accounting  acc ru a l s  p o s s e s s  a level of 
pragmatic  information d i f fe ren t  from th e  level of pragmatic  
information p o ssessed  by semantically r e d u n d a n t  account ing  
accrua ls?
A. Does th e  pragmatic  information contained in accounting  acc ru a l s  
diminish as  th e  financial s ta tem ent  time frame increases?
I n d e p e n d e n t  Variables
The re s e a rc h  q u e s t io n s  s u g g e s t  t h e  ind ep e n d en t  v a r iab les  used  in 
th i s  r e sea rch .  Research q u e s t io n s  1, 2, and 3 cons ider  th e  pragmatic  
information of syn tac t ica l ly  r e d u n d a n t  accoun t ing  acc ru a l s  and semantically 
r e d u n d a n t  accoun t ing  accrua ls .  These r e sea rch  qu e s t io n s  r e q u i r e  th a t  d a ta  
ty p e  be an in d e p e n d en t  va r iab le  in th i s  r e sea rch .  The ca tego r ies  of d a ta  
ty p e  based  on r e s e a rc h  ques t ion s  1, 2, and 3 a r e  listed in Table 3 and 
include  cash  and cash  flows from o p e ra t io ns  (cash-flow data) ,  cash-flow
acc rua ls  and cash-f low da ta  and  th e  determination and quantif ica tion of th e  
meanings associa ted with accounting  a cc ru a l s  and cash-f low data .  Because 
of th e  extreme diff iculty  associated  with th e se  ta sk s ,  th e  ind irec t  t e s t  
app roach  is used in th i s  r esea rch .
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d a ta  p lus syn tac t ica l ly  r e d u n d a n t  accoun t ing  acc rua ls ,  and cash-f low da ta  
p lu s  semantically r e d u n d a n t  accoun t ing  accrua ls .
Research ques t ion  4 c o n s id e r s  th e  e ffec t  of  financial s ta tem en t  time 
frames on th e  pragm atic  information of accounting  accrua ls .  Accordingly, 
financial s ta tem ent  time frame is an in d e p e n d en t  variable .  Because th e  
most common financial s ta tem en t  time f ram es  in ex ternal  financial rep o r t in g  
a re  q u a r t e r ly  and annual  time frames, th e  ca tego r ies  of financial s ta tem ent  
time frame used in th is  r e sea rch  a re  q u a r t e r ly  and a n n u a l*. The 
ca tegor ies  of  financial s ta tem en t  time frame are  l is ted in Table 4.
TABLE 3 
CATEGORIES OF DATA TYPE
1. cash-flow da ta
2. cash-flow data  p lu s  syn tac t ica l ly  r e d u n d a n t  da ta
3. cash-flow data  p lu s  semantically r e d u n d a n t  da ta
TABLE 4
CATEGORIES OF FINANCIAL STATEMENT TIME FRAME
1. q u a r t e r ly  financial s ta tem en t  time frame
2. annual financial s ta tem ent  time frame
a
One of  th e  c o n t r ib u t io n s  of th i s  s tu d y  is to p rov ide  ev idence  on 
th e  value of accounting  acc rua ls  in th e  external  rep o r t in g  environment .  
Use of a financial s ta tem en t  time frame longer  th an  one y ear ,  e.g. ,  five 
years ,  in con junc t ion  with a  q u a r t e r ly  financial s ta tem ent  time frame would 
p robably  increase  th e  probabi l i ty  of f ind ing  d i f f e rences  in th e  pragmatic  
information co n ten t  of account ing  a cc ru a l s  a c ro ss  financial s ta tem en t  time 
fram es  compared to  us ing  an annual financial s ta tem ent  time frame with a 
q u a r t e r ly  financial s ta tem en t  time frame. The use  of a  financial s ta tem ent  
time frame longer  th an  one year ,  however,  would not  g e n e r a te  ev idence  on 
th e  value  of accounting  acc rua ls  In annual  financial s ta te m e n ts  and would 
not  c o n t r ib u te  as  much to th e  u n d e r s t a n d in g  of ex te rnal  financial r e p o r t in g  
a s  th e  use  of an annual  financial s ta tem ent  time frame.
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Dependent  Variables 
This s tu d y  examines th e  e f fec t  of t h e  Ind ep en d en t  va r iab le s  upon the  
pragmatic  Information of accoun t ing  acc rua ls .  The pragmatic  information 
of accounting  acc rua ls  is calculated by s u b t r a c t i n g  th e  pragmatic
Information of cash-flow d a ta  from o p e ra t io n s  from th e  pragmatic
information of accrual  accounting  da ta  pfus  cash-flow data. If th e  r e su l t  
is posi tive,  accounting  acc ru a l s  contain  pragmatic  Information. Otherwise, 
accounting  acc ru a l s  do not conta in  pragmatic  information. The pragmatic  
information of accounting  accrua ls ,  however , cannot  be examined direc tly .  
The pragmatic  information of accounting  acc ru a l s  and th e  pragmatic
information of cash-flow da ta  must  be inspected  th r o u g h  th e  use  of a 
proxy. The proxy th a t  r e p r e s e n t s  pragmatic  information in th is  s tu d y  is 
th e  enhancem ent  of th e  precis ion of f o re c a s t s  of cash  flows from 
opera t ions .  This proxy is used  because  t h e  FAS8 has indicated  in SFAC 
No. 1 th a t  da ta  th a t  e n h an c es  t h e  accu racy  of the  pred ic t ion  of f u t u r e  cash 
flows is useful to financial s ta tem ent  u se r s .  Consequently ,  da ta  th a t
fac i l i ta tes  t h e  pred ic t ion  of f u t u r e  cash flows has  pragmatic  information to 
financial s ta tem ent  u se rs .  The g r e a t e r  th e  precis ion of fo re c a s ts  of f u t u r e  
cash flows, th e  more pragmatic  information th e  da ta  contains .  Comparing 
th e  precis ion of cash-flow fo rec as ts  based  on cash-flow da ta  and th e  
precis ion i f cash-flow fo re c a s t s  based on accounting  acc ru a l s  p lus  c a s h ­
flow da ta  enab les  t h e  determination of th e  pragm atic  information of 
accounting  accrua ls .  The abili ty of f o re c a s te r s  to  use  accounting  acc ru a l s  
to  fo rec as t  f u t u r e  cash  flows with g r e a t e r  accuracy  th a n  with cash-flow 
d a ta  only is measured  with an e r r o r  metric  t h a t  is defined as  th e  abso lu te
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value of t h e  d i f fe rence  between th e  actual  cash  flow and th e  fo recas ted  
cash  flow divided by th e  fo rec as te d  cash  flow3:
{(actual cash flow - forecasted cash flow) * forecasted cash flow\.
Both q u a r t e r ly  and annual  accoun t ing  d a ta  can be used  to fo rec as t  
q u a r t e r ly  and  annual  cash  flows. Q uar te r ly  and annual  accoun t ing  d a ta  In 
v a r io u s  combinations a c ro ss  time also can be used  to  fo rec as t  q u a r t e r ly  
and annual  cash  flows. Testing th e  fo recas t ing  qua l i t ies  of all poss ible  
combinations of q u a r t e r ly  and annual  accoun t ing  d a ta  would be extremely 
ted ious  and bes t  su i ted  for  r e s e a rc h  a t tem pt ing  to  identify combinations 
of d a ta  hav ing  maximum pragmatic  information. This r e s e a rc h  a t tem pts  only 
to  de te rm ine  if accoun t ing  acc ru a l s  contain pragmatic  information in 
specif ic  s i tua t ions .  The fo recas t ing  c h a ra c te r i s t i c s  of all poss ible  
combinations of  account ing  da ta  a r e  not examined. This r e s e a rc h  focuses  
on th e  qual i t ies  of q u a r t e r ly  accoun t ing  d a ta  th a t  improve th e  fo recas t ing  
of cash  flows from o p e ra t io n s  one  q u a r t e r  into th e  f u t u r e  and th e  qual i t ies  
of annual  accounting  da ta  th a t  improve th e  fo recas t ing  of cash  flows from 
o p e ra t io ns  one  y ea r  into  th e  fu tu r e .  Thus  th e  d e p e n d e n t  var iab le  for  th e  
q u a r t e r ly  financial s ta tem ent  time frame is cash  flows from o p e ra t io n s  one  
q u a r t e r  into th e  f u t u r e  and th e  d e p e n d e n t  va r iab le  for  th e  annual  financial 
s ta tem ent  time frame is cash flows from o p e ra t ion s  one y e a r  into  th e
3 Similar m easu re s  of p red ic t iv e  accu racy  have  been used  in p rev io u s  
fo recas t ing  s tu d ie s  (Waymi re  19S6; Hasseli and J e n n in g s  1986; and Brown, 
Hagerman, Griffin, and  Zmijewski 1987). Using th e  abso lu te  value of  th e  
m easure  fac i l i ta tes  th e  calculat ion of t h e  m agni tude  of th e  sum of th e  
d i f fe rences  between th e  p red ic t io ns  and  t h e  actual  f u t u r e  cash  flows. 
Simply summing t h e  d i f fe ren c e s  r e s u l t s  in posi t ive  d i f fe rences  o f fse t t ing  
negat ive  d i f fe ren c e s  and  t h u s  r e d u c e s  th e  actual m agni tude  of th e  sum of 
th e  d i f fe rences .  Dividing th e  num era to r  by fo recas ted  cash  flows perm its  
th e  comparison of q u a r t e r ly  m easu res  with annual  m easures .  Without th e  
divisor ,  it is p robab le  th a t  th e  mean of th e  annual  m easures  will be 
d i f fe ren t  from th e  mean of th e  q u a r t e r ly  measures .
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fu tu r e .  The d e p e n d e n t  va r iab le  for  each  financial s ta tem en t  time frame is 
examined a c ro s s  all d a ta  se ts .  The d e p e n d e n t  va r iab le s  used  in th i s  s t u d y  
a re  listed In Table 5.
TABLE 5
DEPENDENT VARIABLES
Financial S ta tem ent  Time Frame Dependent  Variable
q u a r t e r ly cash flows from o p e ra t io ns  one  
q u a r t e r  Into th e  f u t u r e
annual cash flows from o p e ra t ion s  one  
year  into  th e  f u t u r e
Research Design
The r e sea rch  q u e s t io n s  and Indep en den t  va r iab les  of th i s  r e sea rch  
indicate  t h a t  a  2 X 3 factorial design  be used.  Table 6 p r e s e n t s  a diagram 
of th e  re s e a rc h  design  employed in th is  s tu d y .  Cash-flow da ta  is 
r e p r e s e n te d  by CF, syn tac t ica l ly  r e d u n d a n t  acc ru a l s  a re  r e p r e s e n te d  by 




Quar te r ly  Data CF CF + SYN CF + SEM
Annual Data CF CF + SYN CF + SEM
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Research  Hypotheses  
Based on t h e  r e s e a rc h  ques t ions ,  in d e p e n d en t  va r iab les ,  d e p en d e n t  
variab les ,  and  th e  e r r o r  metric, t h e  an t ic ipa ted  r e s u l t s  and  th e  r e s e a rc h  
h y p o th e s e s  a re  developed.  The an t ic ipa ted  r e s u l t s  a r e  ne ce ssa ry  to 
formulate  th e  r e sea rch  h y p o th e s e s  and to de te rm ine  th e  p r o p e r  form of th e  
h y p o th es is  t e s t s .  The r e s e a rc h  h y p o th eses  re la ted  to  th i s  s tu d y  are  
se p a ra ted  into  two ca tegor ies :  (1) th e  r e sea rch  h y p o th e s e s  assoc ia ted  with 
th e  da ta  s e t s  and (2) t h e  r e sea rch  h y p o th eses  assoc ia ted  with th e  financial 
s ta tem ent  time frames.
Research Hypotheses  Associated With Data Se ts  
The an t ic ipa ted  r e s u l t s  re la ted  to  t h e  d a ta  s e t s  a r e  based  on the  
FASB position in SFAC No. 1 t h a t  accounting  acc ru a i s  have  value (pragmatic  
information) in th e  pred ic t ion  of f u t u r e  cash  flows. This FASB posit ion, 
t o g e th e r  with r e sea rch  qu es t ion s  1 and 2, leads to  th e  following null and 
a l t e rn a t iv e  r e sea rch  hypo theses :
HQ1: The da ta  s e t  composed of cash-flow d a ta  p lus  syntac t ica l ly
r e d u n d a n t  accounting  acc ru a i s  will have an e r r o r  metric  g r e a t e r  
than  o r  equal  to  the  e r r o r  metric  of the  da ta  s e t  composed of only 
cash-flow data.
Hj 1 : The da ta  se t  composed of cash-f low da ta  p lus  syntac t ica l ly
re d u n d a n t  accoun t ing  acc ru a l s  will have  an e r r o r  metric  smaller 
than  th e  e r r o r  metric  of th e  da ta  se t  composed of only cash-flow 
data .
Hq2: The da ta  s e t  composed of cash-f low d a ta  p lus  semantically
re d u n d a n t  accoun t ing  acc ru a l s  will have  an e r r o r  metric  g r e a t e r  
th an  o r  equal  to th e  e r r o r  metric  of th e  da ta  s e t  composed of only 
cash-flow data.
H(2: The da ta  s e t  composed of cash-f low d a ta  p lu s  semantically
r e d u n d a n t  accounting  acc ru a l s  will have  an e r r o r  metr ic  smaller 
th an  the  e r r o r  metric  of t h e  d a ta  se t  composed of only cash-f low 
data .
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The th eo ry  of t h e  pragmatic  information of accoun t ing  acc ru a l s  ra i ses  
t h e  quest ion  of how th e  pragmatic  information of syn tac t ica l ly  r e d u n d a n t  
accounting  acc ru a l s  d i f f e r s  from th e  pragm atic  Information of semantically 
r e d u n d a n t  accoun t ing  accrua ls .  Different  fu n c t ion s  of account ing  acc ru a l s  
may possibly r e s u l t  in d i f f e r e n t  levels  of p ragm atic  information. The 
following null and a l t e rn a t iv e  r e sea rch  h y po th eses  a d d r e s s  th e  quest ion of 
w he ther  th e  pragmatic  Information of syn tac t ica l ly  r e d u n d a n t  accounting  
acc ru a l s  d i f fe r s  from th e  pragmatic  information of semantically r e d u n d a n t  
accounting  accrua ls .
HQ3: The da ta  s e t  composed of cash-f low d a ta  p lus  syn tac t ica l ly  
r e d u n d a n t  accounting  acc ru a l s  will have an e r r o r  metric  no 
d i f fe ren t  from th e  e r r o r  metric  of th e  da ta  s e t  composed of c a s h ­
flow da ta  p lu s  semantically r e d u n d a n t  accoun t ing  accruals .
Ha3: The d a ta  se t  composed of cash-f low d a ta  p lus  syn tac t ica l ly  
r e d u n d a n t  accounting  acc ru a l s  will have  an e r r o r  metric  d i f fe ren t  
from the  e r r o r  metric  of th e  d a ta  s e t  composed of cash-f low da ta  
p lus  semantically r e d u n d a n t  accounting  accrua is .
Research Hypotheses  Associated With 
Financial S ta tement  Time Frames
The an t ic ipa ted  r e s u l t s  re la ted  to th e  financial s ta tem en t  time f rames 
a re  based  upon t h e  suppos i t ion  t h a t  th e  noise  from periodic  rep o r t in g  
u n d e r  a sys tem of cash r ec e ip t s  and cash  d i sb u rse m e n ts  decl ines as a 
p e rc e n ta g e  of th e  total financial r e p o r t  signal  as t h e  financial rep o r t in g  
time frame increases .  The following null and a l t e rn a t iv e  re s e a rc h  
hyp o th ese s  a re  de r ived  from th i s  suppos i t ion  and r e sea rch  quest ion  4:
hq4: The d i f fe ren ce  between th e  accrual  accounting  d a ta  e r r o r  m etr ics
and  th e  e r r o r  metric  of cash-flow d a ta  will e i th e r  inc rease  o r
remain un ch ang ed  as  t h e  financial s ta tem en t  time frame increases .
Ha4: The d i f fe rence  between th e  accrual  accounting  da ta  e r r o r  m etr ics
and th e  e r r o r  metric  of cash-f low d a ta  will d e c rea se  a s  th e
financial s ta tem en t  time frame Increases .
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Data Collection
Quar te r ly  and annual  accounting  d a ta  from th e  balance shee t ,  income 
s ta tement ,  and th e  s ta tem en t  of c h an g e s  in financial posit ion (SCFP) were 
g a th e red  from COMPUSTAT for  a sample of f irms for  th e  period 1986 
th r o u g h  1988. The q u a r t e r ly  d a ta  was used  to  in ves t iga te  th e  amount of 
pragmatic  information in accounting  a c c ru a l s  o v e r  a s h o r t  time frame while 
th e  annual  d a ta  was used to  in v es t iga te  th e  amount of pragmatic  
information in accounting  a cc ru a l s  ove r  a  longer time frame. The sample 
included all m anufac tu r ing  f irms (SIC codes  2000 to  3999) b u t  was limited 
to  fi rms for  which all q u a r t e r ly  and annual  da ta  from th e  f i r s t  q u a r t e r  of 
1986 to th e  las t  q u a r t e r  of  1988 were available. The sample also was 
r e s t r i c te d  to  fi rms for  which cash  flows from opera t ions ,  accrual  
components  of e a rn in g s ,  and  balance sh e e t  da ta  were available  for  th e  
e n t i r e  period u n d e r  examination.
The d a ta  used in th i s  s tu d y  included th e  cash,  cash  flows from 
operations*,  accrual  components  of e a r n in g s  from opera t ions ,  and accrual 
components  of th e  balance sheet*. Balances in th e  cash  account  were 
g a th e red  from th e  balance sheet .  Cash flows from o p e ra t ion s  was ob ta ined  
from th e  SCFP for  all companies in th e  sample. Syntact ica lly  r e d u n d a n t  
acc ru a l s  and semantically r e d u n d a n t  acc ru a l s  from th e  income s ta tem ent
* A sys tem  of cash rec e ip t s  and cash  d i sb u r se m e n t s  con ta ins  two 
items of in te r e s t  to th i s  s t u d y —cash flows and cash .  Because th is  s tu d y  
focuses  on opera t ions ,  cash  and cash  flows from o p e ra t io n s  a re  used  in 
th i s  s tu d y .  Collectively, th e s e  two d a ta  Items a re  d es igna ted  cash-flow 
data .
* Only balance she e t  items associa ted with o p e ra t io n s  were used ,  e.g, 
accoun ts  receivable , inven to ry ,  accoun ts  payable.  Most ba lance  sh ee t  items 
associated with e i th e r  f inancing  o r  inves t ing  act ivi t ies, e .g.,  equipment,  
long- te rm  no tes  payable,  were excluded.
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wore identified from th e  SCFP®. The accrual  components  of th e  balance 
sh e e t  also were g a th e re d  and c lass if ied  as  e i th e r  syn tac t ica l ly  o r  
semantically r e d u n d a n t  a c c ru a l s 7.
Forecas t ing  F u tu re  Cash Flows 
A neura l  ne tw ork8 was used  to s t r u c t u r e  t h e  re la t ionsh ips  between 
th e  in d e p e n d en t  v a r iab le s  and th e  d e p e n d e n t  va r iab les  and  to fo recas t
cash flows. The neura l  ne twork  paradigm used  In t h i s  s t u d y  was
q
back propaga t ion  with a momentum term .
Neural Network Advantages  
Neural ne tw orks  have a d v a n ta g e s  o v e r  t rad i t ional  s ta t is t ica l  
t echn iques .  Neural n e tw o rk s  have  no assum pt ions  about  d a ta  th a t  m ust  be 
sa t is f ied  before  p roceed ing  with da ta  analysis .  Neural n e tw orks  learn from 
d a ta  and a d ju s t  t h e  re la t ionsh ips  between v a r iab les  if th e  variab le
re la t ionsh ips  sh i f t  o v e r  time.
Models c o n s t ru c te d  with t rad i t iona l  s ta t is t ica l  t e c h n iq u e s  become 
cumbersome if too many v a r iab les  a re  included.  Eiiminating some va r iab les
8 APB No. 19 r eq u i re d  t h a t  noncash items (accrua ls )  used  in
de termining  income be r ep o r te d  on th e  SCFP and th e re fo re ,  accrual  da ta  
were ob ta ined  from th e  body of the  SCFP. If insuff ic ien t  accrual  da ta  
were r ep o r te d  on a  f i rm ’s  SCFP, addit ional  accrual  d a ta  were de r ived  from 
th e  f i rm 's  balance sh e e t  and income s ta tement .
7 Although t h e s e  acc rua ls  a r e  th e  re s u l t  of many p e r io ds  of b u s in e s s  
act iv i ty ,  they  r e p r e s e n t  potential  f u t u r e  cash  inflows and potential  f u t u r e  
cash  outf lows (FASB 1978, 20). Accordingly,  th ey  were used in th e  
predic tion  of f u t u r e  cash  flows from opera t ions .
8 See Appendix 2 fo r  a d iscussion  of neura l  ne tworks .
8 Backpropagat ion  neura l  ne tw orks  o p e ra te  in a fashion similar to  th e  
s tochas t ic  approximation method and can be cons idered  an ap p roach  to 
solving th e  leas t  s q u a r e s  problem (White 1989). Appendix 3 d i s c u s se s  th e  
backpropaga t ion  paradigm.
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from the  model however  can r e s u l t  In model misspeciflcation e r r o r .  Using 
a  neura l  ne tw ork  r e d u c e s  th e  possibil i ty  of model misspeciflcation e r r o r —ajj 
re lev an t  d a ta  can be used  by th e  neura l  network. Also, t h e  d iff iculty  of 
se lec t ing  th e  most a p p ro p r i a t e  model to  u se  is eliminated because  neura l  
n e tw o rk s  do not  s t r u c t u r e  r e la t ionsh ips  among va r iab les  in p rede f ined  
m an n e rs—they  c re a te  models based  on th e  u n d e r ly in g  data.
Many s ta t is t ica l  t e c h n iq u e s  do not  perform well with noisy data. 
Neural n e tw o rk s  can o p e ra te  effect ively  with a high amount of noise in the  
data .  In fact ,  Wasserman and Schw ar tz  (1988, 11) s t a te  th a t  "Neural 
n e tw orks  can a b s t r a c t  th e  'ideal* from a non-ideal  t r a in in g  set."
Another  a d v a n ta g e  of neura l  ne tw orks  is economy of effor t .  Because 
each  in depend en t  va r iab le  in neural  network p rocess ing  can be cons idered  
a d i f f e ren t  dimension in Euclidean space ,  individual fo recas t  models can be 
developed fo r  each firm by th e  neura l  network by p rov id ing  each firm a 
un ique  identificat ion number.  The identificat ion n um bers  can be p rocessed  
by xhe neura l  ne twork with th e  r e s t  of th e  data. An example is g iven  to 
i l lu s t ra te  th e  e f fo r t - s a v in g  qua li t ies  of neura l  ne tworks .  Assume 300 firms 
compose th e  sample in a  s tu d y .  The p u rp o se  of  t h e  s tu d y  is to develop 
fo recas t  models of each firm for  3 da ta  s e t s  o v e r  8 d i f fe ren t  fo recas t  
per iods .  To develop an individual fo rec as t  model of each firm for  each 
fo recas t  period and each d a ta  s e t  in th i s  s tu d y ,  da ta  would be p re s e n te d  
to  a neura l  ne twork 24 times (3 d a ta  s e t s  X 8 fo rec as t  periods) .  Traditional 
r e g re s s io n  ana lys is  would r e q u i r e  su b s tan t ia l ly  more e f fo r t  to  develop 
fo rec as t  models for  each firm in all fo rec as t  p e r io ds  and all da ta  se ts .  A 
total of 7200 (300 fi rms X 8 fo re c a s t  pe r iods  X 3 da ta  s e t s )  r eg re ss ion  
models would be requ i re d  to  p rov ide  t h e  des ired  re su l ts .
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Train ing  th e  Neural Network 
and  Forecas t ing  Cash Flows
Neural ne tw o rk s  r e q u i r e  a t r a in in g  s e t  of d a ta  to  learn th e  
re la t ionsh ips  between d a ta  items. The backpropaga t ion  parad igm  is a  ty p e  
of s u p e rv i s e d  learn ing .  S up e rv i se d  lea rn ing  parad igms r e q u i r e  th a t  neural  
ne tw orks  be given a feedback  value  in o r d e r  to  learn th e  re la t ionsh ips  
between variab les .  Q uar te r ly  and annual  da ta  from 1986 is used  to  t ra in  
th e  neura l  ne twork in t h i s  s tu d y .
The neura l  ne twork  was t ra in ed  f i r s t  with q u a r t e r ly  data .  After  
t r a in in g  with q u a r t e r ly  da ta  was complete, da ta  from th e  f i r s t  q u a r t e r  of 
1987 was p r e s e n te d  to  th e  ne twork .  The neural  ne twork used  th is  da ta  to 
fo rec as t  cash flows from o p e ra t io ns  fo r  t h e  second q u a r t e r  of 1987. Then 
th e  network fo recas ted  cash  flows from o p e ra t io ns  for th e  t h i rd  q u a r t e r  
of 1987 with second q u a r t e r  1987 data . This cycle  was r epea ted  until  
fo re c a s t s  of cash  flows from o p e ra t ion s  were ob ta ined  fo r  the  second 
q u a r t e r  of  1987 th ro u g h  th e  fou r th  q u a r t e r  of 1988. Once all q u a r t e r ly  
fo re c a s t s  were made, t h e  neura l  ne twork was re t ra in e d  with 1986 annual  
data .  After  t r a in in g  was complete, 1987 annual  da ta  was used  to fo rec as t  
cash flows from o p e ra t io n s  fo r  1988. This  p ro c e d u re  was repea ted  fo r  all 
d a ta  ty p es .
Measuring Pragmatic  Information
After  the  neura l  ne twork p red ic ted  f u t u r e  cash  flows from opera t io ns  
based on th e  in d ep e n d en t  variab les ,  t h e  e r r o r  metr ic  was c o n s t ru c te d  for 
all fo rec as t  pe r iods  and  all d a ta  ty p es .  The e r r o r  metric  r e p r e s e n t s  th e  
precis ion of t h e  fo re c a s t s  of cash flows from o p e ra t io n s  and  was used as  
a proxy for  pragmatic  information of accounting  da ta  in th i s  s tu d y .  An
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in v e r se  re la t ionsh ip  ex is ts  be tween th e  e r r o r  metric  and  pragmatic  
information: t h e  smaller  th e  e r r o r  metric, t h e  l a rg e r  th e  pragmatic
information of accounting  d a ta  and th e  l a rg e r  th e  e r r o r  metric,  th e  smaller 
th e  pragmatic  information of  accoun t ing  data.
Because th e  p red ic t ions  of f u t u r e  cash  flows between th e  va r ious  
cells of th e  r e sea rch  des ign  were not In d e p e n d e n t1®, o r d in a r y  leas t  
s q u a r e s  reg re s s io n  and ANOVA could not  be used  to est imate  and 
Inves t iga te  t h e  e r r o r  metr ic  means. The general ized leas t  s q u a r e s  
t e c h n iq u e  (GLS) is a p p ro p r ia te  to  use  when d a ta  is not in d ep e n d en t  and 
identically d i s t r ib u te d  (Berenson,  Levine, and Goldstein 1983). For th i s  
reason,  GLS t e c h n iq u e s  were used  in th is  r esea rch .
Using th e  general ized least  s q u a r e s  r e q u i r e s  Knowledge of t h e  
va r ia n ce /c o v ar ia n ce  matrix of t h e  da ta  to  calculate  th e  weights  used in th e  
GLS p ro ced u re .  The v a r ia n ce /c o v a r ia n ce  matrix of th e  sample used In t h i s  
s t u d y ,  however,  was unknown. Berenson, Levine, and Goldstein (1983) 
recommend a tw o -s ta g e  app roach  to GLS in t h i s  s i tuat ion.  The f i r s t  s t a g e  
Is to  use  th e  d a ta  to  es t imate  t h e  va r iance /covar  iance matrix. The second 
s t a g e  en ta i l s  us ing  the  est imated v a r ia n ce /c o v a r ia n ce  matrix ob ta ined  in th e  
f i r s t  s t a g e  to est imate  th e  reg re ss io n  coeff ic ients  in th e  general ized  least
10 For example, t h e  CF d a ta  for one  firm was re la ted  to  t h e  CF + SYN, 
and CF +■ SEM d a ta  for  t h a t  same firm. Consequently ,  th e  p red ic t ions  of 
f u t u r e  cash  flows a c ro ss  cells  were re la ted .  Berenson, Levine, and 
Goldstein (1983, 65-66) s ta te :
I t  m ust  be assumed t h a t  the  s u b je c t s  o r  experimental u n i t s  in each of 
th e  c in d ep e n d en t  sample g ro u p s  (i.e., levels  of the  fac to r )  a re  
randomly and independen t ly  drawn so t h a t  an o b se rv e d  value  in any  
one g ro up  has no effect  o r  inf luence  on any o th e r  o b se rv ed  value in 
t h a t  g rou p  or  any of th e  o th e r  g roups .  This assum ption  of 
indepen dence  canno t  be relaxed. If it is violated, th e  ANOVA p ro ce d u re  
. . .  is invalid.
68
s q u a r e s  equat ions .  A t e c h n iq u e  similar to th i s  l a t t e r  a p p ro ach  was used 
in th i s  s tu d y .
Differences between individual means were examined using a  GLS 
modification of th e  Bonferroni p r o c e d u r e '1. The modification of t h e  
Bonferroni p ro c e d u re  enta iled replacing t h e  mean s q u a re d  e r r o r  with th e  
est imated v a r ia n c e /c o v a r ia n c e  matrix of the  est imated means in th e  
calculat ion of th e  t e s t  s ta t i s t ic .  Use of th e  modified Bonferroni p ro c e d u re  
facili tated th e  determination of th e  pragmatic  information of th e  two t y p e s  
of accounting  accrua ls .
" See Kirk (1982) for a d iscussion  of th e  Bonferroni  p rocedure .
CHAPTER A 
DATA ANALYSIS
This c h a p t e r  d e sc r ib e s  t h e  da ta  ana lys is  p r o c e d u r e s  used in th i s  
s t u d y  and t h e  r e s u l t s  of hypo thes is  te s t in g .  F i rs t ,  th i s  c h a p t e r  con ta ins  
a  d iscuss ion  of  th e  sample se lection p ro c e d u re  used .  Second,  th e  
fo recas t in g  of cash  flows and th e  calculat ion of th e  e r r o r  metr ics  a re  
de lineated.  Third ,  t h e  method of multiple comparisons  used  in th is  s tu d y  
is d e sc r ibed .  Finally, t h e  r e s u l t s  of h y p o thes is  te s t in g  and a d iscuss ion  
of t h e  r e s u l t s  a re  p re sen te d .
Sample Selection
Firms used in t h i s  s t u d y  were ga the red  from th e  1988 annual  and 
q u a r t e r ly  COMPUSTAT industr ia l  t a p e s  and included only th o se  with 
s t a n d a r d  indus t r ia l  codes  (SIC) between 2000 and 3999. The da ta  items 
collected fo r  th e  y e a r s  1986 th ro u g h  1988 (Including all q u a r t e r s )  included 
cash ,  cash flows from opera t ions ,  and accoun t ing  accrua ls .  These da ta  
items a re  lis ted In Table 7. Appendix 5 summarizes th e  decision model used 
to  se lec t  d a ta  items.
In Table 8, t h e  da ta  items a re  ca tegor ized  Into one  of t h r e e  da ta  
ty p es :  cash  and  cash  flows from o p e ra t ion s  (cash-f low da ta ) ,  syntac t ica l ly  
r e d u n d a n t  da ta ,  o r  semantically r e d u n d a n t  data. This ca tegor iza t ion  was 
based upon th e  decision model desc r ibed  in Appendix 6. Accruals  th a t  
signal  m essages  not r ep o r te d  u n d e r  a sys tem  of cash  r e c e ip t s  and cash 
d i sb u r se m e n ts  were classif ied a s  syn tac t ica l ly  r e d u n d a n t  while acc rua ls
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t h a t  r e s t a t e  m essages  t h a t  a r e  r ep o r te d  u n d e r  a  sys tem  of cash  r ec e ip t s  
and cash  d i sb u r se m e n ts  were c lassif ied as  semantically r e d u n d a n t .
To e n s u r e  th a t  missing d a ta  Items would not  inf luence  th e  r e s u l t s  of 
th e  s tu d y ,  f i rms missing any d a ta  items in th e  period of In te re s t  initially 
were eliminated from th e  sample. However, t h i s  re s t r ic t ion  eliminated 
v ir tua l ly  e v e ry  firm. Therefore ,  th e  missing d a ta  item res t r ic t io n  was 
relaxed by reduc ing  th e  num ber  of da ta  items examined fo r  missing o r  zero  
va lues '  and th e  new res t r i c t io n  resu l te d  in a sample s ize  of 214 firms. 
Examination of th i s  sample  disclosed t h a t  da ta  va lues  of some firms were 
un rea l is t ic2 and  th e s e  f i rms were eliminated from th e  sample t h u s  
p rov id ing  a final sample of 198 firms. See Table 9 for  a summary of th e  
sample selection p rocess .  Many f irms had zero  va lues  In sale o f property, 
plant, and equipment and sale o f  investments— loss (gain ) for  ail time 
p e r iod s  of in te re s t .  There fore ,  th is  da ta  item was d ro p p ed .  Soth annual  
and q u a r t e r ly  da ta  items for  th e  final sample were val idated  with COMPACT 
DISCLOSURE.
' Debt in c u r r e n t  liabilities, income taxes payable, equ i ty  in ne t  loss 
( ea rn ing s ) ,  and  sale  of p r o p e r ty ,  p lant ,  and equipm ent  and sale  of 
Inves tm en ts—loss (ga in)  were not examined for  missing o r  zero  values.




1. cash  and  s h o r t - t e r m  inves tm en ts
2. o p e ra t in g  ac t iv i t ie s—net cash  flow
3. r ec e ivab le s—total 
4.. in v e n to r ie s—total
5. deb t  in c u r r e n t  liabilities
6. a ccoun ts  payable  and acc ru e d  liabilities
7. income taxes  payable
8. d e fe r r e d  taxes4
9. equ i ty  in net  loss (ea rn in g s )
10. sale of p ro p e r ty ,  plant , and equ ipm ent  and sale  of in v es tm en ts— 
loss (gain)
11. deprec ia t ion  and amortization
12. acc o u n ts  rece ivab le—d e crea se  ( increase )
13. in v e n to r ie s—d e c re a se  (Increase)
14. acco u n ts  payable  and acc ru e d  l iabili ties—increase  (d ec rease )
15. income taxes  payab le—in c re ase  (d ec rease )
Certa in  d i s a g g reg a te d  items, e.g.,  cash ,  accoun ts  rece ivab le—trad e ,  
and in v e n to r y —finished  goods, t h a t  a r e  available  on th e  annual  tape  a re  
not available  on the  q u a r t e r ly  tape .  To e n s u r e  cons is tency  between annual  
and q u a r t e r ly  data , a g g re g a te d  d a ta  items were collected for  both annual 
and q u a r t e r ly  time frames when d i s a g g re g a te d  items were not available on 
th e  q u a r t e r ly  tape.
The level of agg rega t ion  used re su l ted  In the  mingling of cash  and 
s h o r t - t e r m  Inves tments ,  an accrual ,  and  th e  combination of s e p a r a t e  
acc rua ls  Into one  d a ta  item, e.g.,  a ccoun ts  payable  and a cc ru e d  liabilities, 
and deprec ia t ion  and amortization.
4 This da ta  item is c lassif ied as  a  liability on COMPUSTAT.
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TABLE 8
GROUPING OF DATA ITEMS BY DATA TYPES
Data Type Data Item
Cash-flow d a ta
Cash and s h o r t - t e r m  inves tm en ts  
Opera t ing  ac t iv i t ie s—net  cash  flow
Syntact ica l ly  r e d u n d a n t  d a ta
Recei v a b le s—total
Accounts payable  and acc rued  
liabilities
Income taxes payable
Equity in ne t  loss (ea rn in g s )
Accounts rece ivab le—d e crea se  
( increase )
Accounts payable  and  acc rued  
liabi lit ies— increase  (d ec rease )
Income taxes payab le—increase  
(dec rease )
Deferred taxes
Semantically r e d u n d a n t  d a ta
In v e n to r i e s —total
Debt in c u r r e n t  liabilities
In v e n to r i e s —d e c re a se  ( increase )
Depreciation and  amortization
Sale of p ro p e r ty ,  p lan t  and 





Sample Selection Phase Sample
Size
Screen ing  fo r  missing o r  ze ro  va lues  for all da ta  Items 1
Screen ing  for  missing o r  zero  va lues  for  
items
s u b s e t  of all da ta 214
Edit ing for  u n rea l is t ic  da ta  va lues 198
Forecas t ing  Cash Flows
The neural  ne tw ork  sof tware  package  used to  fo recas t  cash  flows is 
Neu rat Works Professional Il/P tu s . Twenty-two neura l  network paradigms 
a re  avai lable on th i s  so f tw are  and e ight ,  including backpropaga t ion ,  a re  
su i tab le  fo r  forecasting*. Although neural  ne twork l i t e ra tu re  d e sc r ib e s  
backpropaga t ion  a s  one  of the  bes t  fo recas t ing  parad igms in neural  
computing,  a  comparison was made of th e  fo recas t ing  capabil i t ies  of the  
ne tw orks  su i tab le  fo r  predic t ion .  The ne tw orks  were t r a in ed  and te s ted  
with 1986 annual  cash-f low data .  The sample was spl i t  in to  a  t ra in ing  se t  
of 150 f irms and a t e s t  (holdback)  se t  of 48 firms®. The network 
perform ance  t e s t  r e s u l t s  a re  summarized in Table 107 and indicate  t h a t  th e
3 One of t h e s e  ne tworks ,  digital ne twork a rc h i te c tu re ,  was not 
evaluated  because  It r e q u i r e s  th e  u se  of a p ro p r i e t a ry  computer  chip. 
Another  network  paradigm, backpropaga t ion  with rec ircula t ion ,  was not 
cons idered  b ecause  it Is an u n su p e rv i s e d  ty p e  of neural  network and not 
su i ted  for  t h e  t y p e  of fo recas t ing  performed in th i s  s tu d y .
* Consultat ion with a q uan t i t a t iv e  b u s in e s s  analys is  p ro fe s so r  led to 
th e  decision to  use  a holdback sample size of 20X -  25X of th e  total sample.
* P e a r s o n ’s  R coeff icient  m easures  how well a  ne twork is performing. 
A coefficient  be tween .9 and 1 ind icates  excellent  performance.  The root 
mean s q u a r e  e r r o r  is a m easure  of the  ne twork e r ro r ,  A low root mean
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back propaga t ion  parad igm  performed as  well or  b e t t e r  than  o t h e r  ne tworks .  
Consequently ,  th e  b a ck p ro pag a t ion  paradigm was used  for  fo rec as t in g  cash 
flows In t h i s  s tu d y .
Train ing  th e  neu ra l  ne tw ork  begin  with t h e  1986  q u a r t e r ly  da ta  
t r a in in g  sample cons is t ing  of 150 firms. Data was p re s e n te d  to  th e  network 
fo r  200,000 i te ra t ions .  If th e  P e a r s o n ’s  R coefficient  and th e  root mean 
sq u a re d  e r r o r  Indicated th a t  t h e  ne twork  was performing a d eq u a te ly 8, 
t ra in ing  ceased  and t h e  network was t e s te d  with th e  1986  q u a r t e r ly  da ta  
holdout sample. If ne twork r e s u l t s  were unacceptab le ,  t r a in in g  was 
continued  fo r  a n o th e r  200,000 i te ra t ions .  Again, if t h e  P e a rso n ’s  R 
coefficient  and th e  root  mean s q u a r e d  e r r o r  p rov ided  ev idence  t h a t  th e  
network was performing adeq ua te ly ,  t r a in in g  was s topped  and th e  network 
was t e s ted  with 1987  annual  data .  If t h e  ne twork  did not exhibit  to le rab le  
pe rfo rm ance  a f t e r  400,000 i te ra t io n s  th r o u g h  th e  t e s t  data ,  t h e  ne twork  was 
d i s c a rd e d 9  and a new b ack propaga t ion  network  a r c h i t e c t u r e  was 
c o n s t r u c t e d  and t r a i n e d '0. This p ro c e ss  continued  until  an accep tab le
s q u a r e  e r r o r  ( . 1  o r  less)  is ev idence  of good network  performance.  The 
e r r o r  metric  is a  m easure  of ne twork  fo rec as t  a ccu ra c y  and can ra n g e  from 
zero  to  infinity. Accura te  fo re c a s t s  r e s u l t  in low e r r o r  metrics.
8 A P e a rso n ’s  R coeff icient  of . 8  o r  h ig h e r  and a root mean s q u a r e  
e r r o r  of . 1  o r  lower is ev idence  of accep tab le  ne twork  performance.
9 Experience with th e  da ta  s e t s  used  in th is  s t u d y  indicated s l igh t  
pe rform ance  improvement a f te r  400,000 I terat ions.
The neura l  ne twork so f tw are  used  in th is  s t u d y  allows the  
co n s t ru c t io n  of t h o u s a n d s  of va r ia t ions  of backpropaga t ion  ne tworks .  
Items t h a t  may be modified inc lude  th e  backpropaga t ion  lea rn ing  law, the  
t r a n s f e r  func t ion ,  th e  e r r o r  funct ion ,  th e  summation funct ion ,  th e  o u tp u t  
funct ion ,  t h e  noise funct ion ,  th e  num ber  of h idden laye r  p rocess ing  
elements, t h e  num ber  of  h idden  layers ,  th e  learn ing  coefficient ,  the  
momentum coefficient ,  and th e  epoch.
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network a r c h i t e c t u r e  was found for  t h e  da ta  set .  This p r o c e d u re  was 
performed fo r  all d a ta  typ es .
Once an a p p ro p r ia te  ne twork  a r c h i t e c tu r e  was e s tab l ished  for  a da ta  
type ,  th e  network was t ra in ed  and fo re c a s t s  of cash flows from ope ra t io n s  
were g e n e ra te d  for  th e  second q u a r t e r  of  1987 t h r o u g h  t h e  fo u r th  q u a r t e r  
of 1988. For example, t h e  network  was t ra ined  with 1986 q u a r t e r ly  c a s h ­
flow da ta  and  then  cash-f low d a ta  from th e  f i r s t  q u a r t e r  of 1987 was used 
to  fo rec as t  cash  flows from o p e ra t ion s  fo r  th e  second q u a r t e r  of 1987. The 
network was th en  t r a in e d  with q u a r t e r ly  cash-flow d a ta  from th e  f i r s t  
q u a r t e r  of 1986 th ro u g h  the  f i r s t  q u a r t e r  of 1987. Next a fo recas t  of cash  
flows from o p e ra t io n s  fo r  th e  th i rd  q u a r t e r  of 1987 was ge n e ra te d  with 
cash-flow da ta  from th e  second q u a r t e r  of 1987. This p rocess  was 
repea ted  th r o u g h  t h e  th i rd  q u a r t e r  of 1988. Tables 11, 12, and 13 
summarize th e  perform ance  m easures  and e r r o r  m etr ics  of  neura l  ne tw o rk s  
used  for  fo recas t ing  q u a r t e r ly  cash  flows.
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TABLE 10
NEURAL NETWORK PERFORMANCE TEST RESULTS
Network Paradigm P e a rs o n ’s  R 
Coefficient 
—Training 
Data/  Test 
Data
Root Mean
S q u a red
E r ro r
Mean
E r ro r
Metric
Backpropagation .9942/.8099 . 0 0 2 .715249
Backpropagation  with functional  
link net  s ine  in p u ts
.9967/.9130 .006 .788276
Delta-Bar-Delta .9078/. 8957 .004 .715345
Directed Random Search .9634/.0009 . 0 2 .763797
Extended Delta-Bar-Delta .7269/.8751 .003 .714100
Kohonen se l f -o rg an iz in g  map Into 
backpropaga t ion
.8578/.8561 . 0 0 0 2 1.780147
TABLE 11
NEURAL NETWORK PERFORMANCE MEASURES AND ERROR 
METRICS—QUARTERLY CASH-FLOW DATA
Forecast  Time 
Period
P e a rs o n ’s  R 
Coefficient— 
Training Data/  
Forecast  Data
Root Mean 
Squ a red  E r ro r
Mean E r ro r  
Metric
2nd q t r  1987 .8363/.9147 .004 .695239
3rd q t r  1987 .9S58/.9777 .03 .600607
4th q t r  1987 .9854/.9605 . 0 0 2 .660867
1st q t r  1988 .S452/.9627 . 0 0 2 .809923
2nd q t r  1988 .8631/ .9219 .003 .713670
3rd  q t r  1988 .8114/.9565 .003 .697360
4th  q t r  1988 .8618/. 9484 . 0 0 2 .701197
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TABLE 12
NEURAL NETWORK PERFORMANCE MEASURES AND ERROR 
METRICS-QUARTERLY CASH-FLOW DATA PLUS 
SYNTACTICALLY REDUNDANT DATA
Forecas t  Time 
Period
P e a rs o n ’s  R 
Coefficient— 
Training Data/  
Forecas t  Data
Root Mean 
S q u a red  E r ro r
Mean E r ro r  
Metric
2nd q t r  1987 .9097/.9586 .007 .656695
3rd  q t r  1987 .9664/.9193 . 0 0 1 .608605
4th q t r  1987 .7938/.9790 .0005 .668911
1st q t r  1988 .9728/.9661 .0009 .827604
2nd q t r  1988 .9447/.8832 .0007 .692804
3rd q t r  1988 .9757/.9616 .0005 .652700
4th  q t r  1988 .9896/. 9477 .0003 .708030
TABLE 13
NEURAL NETWORK PERFORMANCE MEASURES AND ERROR 
METRICS-QUARTERLY CASH-FLOW DATA PLUS 
SEMANTICALLY REDUNDANT DATA
Forecas t  Time 
Period
P e a rs o n ’s  R 
Coefficient— 
Training Data/ 
Forecas t  Data
Root Mean 
Sq u a red  E r ro r
Mean E r ro r  
Metric
2nd q t r  1987 .9941/.8070 . 0 1 .597449
3rd  q t r  1987 .9325/.9621 .003 .594701
4th  q t r  1987 .8773/.9613 . 0 0 2 .621899
1 s t  q t r  1988 .9857/.9484 .003 .839102
2nd q t r  1988 .9972/.9428 .006 .657273
3rd q t r  1988 .9148/.9316 .003 .658987
4th q t r  1988 .9351/.9567 . 0 0 1 .710101
Once all th e  q u a r t e r ly  f o r e c a s t s  were ob ta ined ,  n e tw ork s  were 
e s tab l ished  fo r  fo recas t ing  annual  cash  flows. Annual 1986 t r a in in g  da ta  
s e t s  for  all da ta  t y p e s  were used  to  t r a in  neura l  ne tw orks .  The same 
method of c o n s t r u c t in g  n e tw o rk s  used with q u a r t e r ly  d a ta  was used  with 
annual  data . Annual 1986 da ta  was used  to  t ra in  th e  n e tw o rk s  and annual  
1987 da ta  was used to  fo rec as t  annual  1988 cash  flows. A summary of th e  
perform ance  m easures  and e r r o r  m etr ic s  of neura l  n e tw orks  used  In 
fo recas t ing  annual  cash  flows is found in Table 14.
TABLE 14
NEURAL NETWORK PERFORMANCE MEASURES AND ERROR 
METRICS— 1988 ANNUAL CASH-FLOW FORECASTS
Data Type P e a rso n ’s  R 
Coefficient— 
Train ing  Data/  
Forecas t  Data
Root Mean 
S q u a red  E r ro r
Mean E r ro r  
Metric
Cash-Flow Data .9549/.9635 . 0 0 1 .620029
Cash-Flow p lus  
Syntact ica lly  
R ed un d an t  Data
.9753A9475 . 0 0 0 1 .529143
Cash-Flow p lus  
Semantically 
R ed un d an t  Data
.9660/.9534 .015 .529456
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Hypothesis  T es ts
The Bonferroni p r o c e d u r e 11 Is an a  p rio ri method t h a t  can be used
fo r  te s t in g  mult iple h y p o th e s e s  c o n ce rn ing  p lanned  c o n t r a s t s .  In th e  usual  
ANOVA se t t in g ,  if t h e  hypo thes ized  va lue  of th e  c o n t r a s t  Is LQ, t h e  t e s t  
s t a t i s t i c  fo r  t h i s  method is:
where  Cj is t h e  c o n t r a s t  coeff icient  fo r  t h e  jth  g rou p ,  Y j  is th e  est imated 
mean of t h e  j th  g roup ,  p is th e  num ber  of  g ro up s ,  nj is th e  num ber  of 
o b se rv a t io n s  for  th e  j th  g roup ,  and MS9 is th e  mean s q u a r e d  e r r o r  (Kirk 
1982). Critical va lues  a re  ob ta ined  from th e  t - d i s t r l b u t io n  and depend  
upon th e  num ber  of c o n t r a s t s  being cons idered  (Winer, Brown, and  Michels 
1991, 160). When th e  num ber  of o b se rv a t io n s  in each g ro u p  a re  equal , th i s  
t e s t  s ta t i s t ic  can be e x p re s sed  in matrix form as:
where  I  is th e  column vec tor  of c o n t r a s t  coefficients , p and p a r e  th e  
column v e c to r s  of g ro u p  means and est imated g ro u p  means respec t ive ly ,  
and n is th e  num ber  of o b se rv a t io n s  in each g roup .
When o b s e r v a t io n s  within a  replication,  i.e., in th i s  s t u d y ,  a firm, a re  
not indep en den t ,  t h e  t e s t  s t a t i s t i c  must  be modified to  ref lec t  th i s  lack of
(4 .1) B  -
(4 .2)
This method also is known as  Dunn 's  mult iple comparison
procedure .
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in d epend en ce  (Dhrymes 1974, 112-113). Assuming in d ep end en ce  between 
repl ica t ions ,  i.e., f irms,  t h i s  modification is accomplished by rep lac ing  th e  
mean s q u a re d  e r r o r  with th e  est imated covar iance  matrix fo r  a  v e c to r  of 
o b se rv a t io n s  fo r  a firm. The new s t a t i s t i c  is:
(4.3) a' -
. !  I'Dl
where  8  is t h e  est imated covar iance  matrix. The B* t e s t  s t a t i s t i c  was used 
in th i s  s t u d y  to t e s t  t h e  null hypo theses .  Critical va lues  for  8 /  t e s t
s t a t i s t i c s  were  obtained  from th e  s t a n d a r d  normal d is t r ib u t ion ,  s ince  the se
17s ta t i s t i c s  a r e  asymptotically normal with mean 0  and va r iance  1 . Thus,  
th e  cri tical  va lues  fo r  te s t in g  "c" one-ta i led  ( two-ta i led)  h y po th eses  
simultaneously  with an overall  experimentwise  e r r o r  r a t e  of a  are:
(4-4) Zmlc ( Z ^
respec t ive ly ,  where  Zj is an u p p e r  Z-score  from th e  s t a n d a r d  normal 
d is t r ibu t ion .
Testing of h y p o th e s e s  1, 2, and 4 r eq u i re d  th e  use  of a  one-ta i led  
t e s t  while te s t in g  of h y po th es is  3 r eq u i re d  th e  use  of a  two-tai led te s t .  
The cri tical  va lues  for  both one-ta i led  t e s t s  and two-tai led t e s t s  a t  overall  
a=.05 and overall  a=.01 a re  lis ted in tab le  15. These cri tical va lues  a r e  
based on 1 2  c o n t ra s t s .
If 8  is rep laced  by D In B( , asymptot ic  normality is a  d i rec t  
application of th e  cen t ra l  limit theorem and th e  th eo ry  of l inear 
t r an s fo rm a t io ns  of vec tor  random v ar iab les  (Seber  1977, 8-11; Mood, 
Graybill,  and Boes 1974, 195). Asymptotic normality is g u a ra n tee d  when 




CRITICAL VALUES FOR HYPOTHESIS TESTS
One-Tailed Tests Two-Tailed T es ts
a = .05 a = . 0 1 a = .05 a = . 0 1
2.64 3.17 (-,+ ) 2.87 (-,+) 3.34
To p rov ide  in s igh t  into  th e  r e s u l t s  of t e s t s  of th e  four  pr imary
re sea rch  hypo theses ,  e ig h t  secondary  r e sea rch  h y p o th e s e s  also were
te s te d .  The null and a l t e rn a t iv e  forms of th e  two se co nd a ry  r e s e a rc h
h y p o th e s e s  re la ted  to  th e  f i r s t  primary r e s e a rc h  h y p o th es is  are:
H0 1(: The da ta  se t  composed of both annual  cash-flow da ta  and annual 
syntac t ica l ly  r e d u n d a n t  accounting  acc ru a l s  will have  an e r r o r  metric  
g r e a t e r  than  o r  equal to  t h e  e r r o r  metric  of th e  da ta  se t  composed 
of only annual  cash-flow data.
Hal a: The d a ta  se t  composed of both annual  cash-flow d a ta  and annual  
syntact ica lly  r e d u n d a n t  accounting  acc ru a l s  will have an e r r o r  metric  
less than  th e  e r r o r  metric  of th e  d a ta  se t  composed of only annual  
cash-flow data.
Hgl^: The da ta  se t  composed of both q u a r t e r ly  cash-f low da ta  and q u a r t e r ly  
syntact ica lly  r e d u n d a n t  accounting  acc ru a l s  will have an e r r o r  metric  
g r e a te r  than  o r  equal to th e  e r r o r  metric  of th e  da ta  se t  composed 
of only q u a r t e r ly  cash-flow data.
Ha1 b: The da ta  se t  composed of both q u a r t e r ly  cash-f low d a ta  and q u a r t e r ly  
syntac t ica l ly  r e d u n d a n t  accounting  acc ru a l s  will have an e r r o r  metric  
less th an  the  e r r o r  metric  of the  d a ta  se t  composed of only q u a r t e r ly  
cash-flow data.
The null and  a l t e rn a t iv e  forms of the  two secondary  r e sea rch  h y p o th eses
associa ted with th e  second pr imary  re s e a rc h  h y p o thes is  are :
H0 2a: The d a ta  se t  composed of both annual  cash-f low da ta  and annual  
semantically r e d u n d a n t  accoun t ing  a c c ru a l s  will have an e r r o r  metric  
g r e a t e r  th an  o r  equal to  th e  e r r o r  metric of  t h e  d a ta  se t  composed 
of only annual  cash-f low data.
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Ha2a: The da ta  s e t  composed of both annua) cash-f low d a ta  and annual 
semantically r e d u n d a n t  accoun t ing  acc rua ls  will have  an e r r o r  metric 
less th an  th e  e r r o r  metr ic  of th e  d a ta  se t  composed of only annual  
cash-flow data .
H0 2„: The d a ta  s e t  composed of both q u a r t e r ly  cash-f low d a ta  and q u a r t e r ly  
semantically r e d u n d a n t  accoun t ing  acc ru a l s  will have  an e r r o r  metric 
g r e a t e r  th an  o r  equal to  the  e r r o r  metric  of th e  d a ta  s e t  composed 
of only q u a r t e r ly  cash-f low data.
Ha2(j: The da ta  se t  composed of both q u a r t e r ly  cash-f low da ta  and q u a r t e r ly  
semantically r e d u n d a n t  accoun t ing  acc ru a l s  will have  an e r r o r  metric 
less th a n  th e  e r r o r  metr ic  of th e  d a ta  se t  composed of only q u a r t e r ly  
cash-flow data .
Primary r e s e a rc h  h y p o th es is  t h r e e  has  two affi liated secondary  r e sea rch
h ypo th eses .  The null and a l t e rn a t iv e  forms of th e s e  two secon d a ry
r e s e a rc h  h y p o th e s e s  are :
H0 3s: The d a ta  se t  composed of both annual cash-f low d a ta  and annual  
syntact ica l!y  r e d u n d a n t  accoun t ing  acc ru a l s  will have  an e r r o r  metric  
no d i f f e ren t  from th e  e r r o r  metric  of th e  d a ta  se t  composed of both 
annual cash-flow d a ta  and annual  semantically r e d u n d a n t  accounting  
accruals .
Ha3a: The d a ta  se t  composed of both annual  cash-f low da ta  and annual  
syntac t ica l ly  r e d u n d a n t  accoun t ing  acc ru a l s  will have  an e r r o r  metr ic  
d i f fe ren t  from th e  e r r o r  metric  of th e  da ta  s e t  composed of both 
annual  cash-flow da ta  and  annual  semantically r e d u n d a n t  accounting  
accruals .
HQ3t): The da ta  se t  composed of both q u a r t e r ly  cash-f low da ta  and  q u a r t e r ly  
syntac t ica l ly  r e d u n d a n t  accoun t ing  acc ru a l s  will have  an e r r o r  metric 
no d i f f e re n t  from th e  e r r o r  metr ic  of th e  da ta  s e t  composed of both 
q u a r t e r ly  cash-f low d a ta  and q u a r t e r ly  semantically r e d u n d a n t  
accoun t ing  accrua ls .
H ^ :  The d a ta  se t  composed of both q u a r t e r ly  cash-f low da ta  and q u a r t e r ly  
syntac t ica l ly  r e d u n d a n t  accounting  acc ru a l s  will have  an e r r o r  metric 
d i f fe ren t  from th e  e r r o r  metric  of th e  d a ta  s e t  composed of both 
q u a r t e r ly  cash-f low d a ta  and q u a r t e r ly  semantically r e d u n d a n t  
accoun t ing  accrua ls .
The null and a l t e rn a t iv e  forms of t h e  two secondary  re s e a rc h  h y p o th ese s
re la ted  to  pr imary  r e sea rch  h y po th es is  four  are :
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HQ4a: The d i f fe ren ce  between th e  annual accrual  accoun t ing  da ta  e r r o r
metr ics  and  th e  annual  cash-f low d a ta  e r r o r  metr ic  will e i th e r
in c rease  o r  remain un ch an ged  a s  th e  financial s ta tem en t  time frame 
increases .
Ha4( : The d i f fe ren ce  between th e  annual  accrual  accounting  da ta  e r r o r
m etr ics  and  th e  annual  cash-f low da ta  e r r o r  metric  will d e c rea se  as
th e  financial s ta tem en t  time frame increases .
H0 4 :̂ The d i f fe rence  between th e  q u a r t e r ly  accrual  accounting  da ta  e r r o r  
metr ics  and th e  q u a r t e r ly  cash-flow da ta  e r r o r  metric  wiil e i th e r  
inc rease  o r  remain un ch an ged  as  th e  financial s ta tem en t  time frame 
increases .
H#4b: The d i f fe rence  between th e  q u a r t e r ly  accrual  accounting  da ta  e r r o r  
m etr ics  and th e  q u a r t e r ly  cash-f low da ta  e r r o r  metric will dec rease  
as  th e  financial  s ta tem en t  time frame increases .
The SAS p r o c e d u re  CORR was used  to calculate  the  est imated means 
of e r r o r  m etr ics  and t h e  est imated v a r ia n ce /c o v a r ia n ce  matrix. Table 16 
d e sc r ib e s  th e  es t imated e r r o r  metric  means used in th is  s t u d y  and Table 
17 Ifsts th e  va lues  of  th e s e  est imated means.
Linear combinat ions of t h e  est imated means listed in Table 17 were 
used to t e s t  t h e  r e s e a r c h  h y p o th e s e s  and  a re  lis ted in Table 18. The IML 
p r o c e d u re  in SAS was used to  calcula te  ef t e s t  s t a t i s t i c s  associated with 
each null hypo thes is .  Testing of the  null h y p o th e s e s  was accomplished by 
comparing the  B/  t e s t  s t a t i s t i c s  with th e  critical values. Table 19 l is ts  the  
comparisons made and th e  B/  t e s t  s ta t i s t ic s .
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TABLE 16 
ESTIMATED ERROR METRIC MEANS
F orecas t  Period (Y j)
Data Type
Q uar te r ly Annual
87-2 87-3 87-4 8 8 - 1 8 8 - 2 88-3 88-4 1988
CF* Y 11 Y 12 Y13 Yl4 Y1S Y I1 Y l 1 Y ia
C F + SYN** Y21 Y?? Y23 y24 Y25 Y2# V27 Y 2fl__ __
C F + SEM*“ y31 Y32 Y.a _ . y34 y35 Yi# Y31 Y38
Cash-flow d a ta
Cash-flow d a ta  p lus  syn tac t ica l ly  r e d u n d a n t  accounting  acc ru a ls  
Cash-flow d a ta  p lu s  semantically r e d u n d a n t  accounting  acc ru a ls
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TABLE 17
VALUES OF ESTIMATED ERROR 
METRIC MEANS
































Quar te r ly  cash-f low d a ta  [(Yn + Y^ + . . . +Y,|)/7)
Annual cash-f low da ta  (Y^) *2
Quar te r ly  and annual  cash-f low d a ta  [(M| + m $)/2]
Quar te r ly  cash-flow p lus  syn tac t ica l ly  r e d u n d a n t  da ta  
C(Yat + Y22 + . . . + Y2 7 ) /7 3
Annual cash-f low p lu s  syn tac t ica l ly  r e d u n d a n t  d a ta  (Yjg) ^5
Quar te r ly  and annual  cash-f low p lus  syn tac t ica l ly  
r e d u n d a n t  da ta  [(m4 + M5 ) / 2 ]
Quar te r ly  cash-flow p lu s  semantically r e d u n d a n t  da ta  
£<y 3I + y 32 + * * * + y 3J) / 7 J
Annual cash-f low plus semantically r e d u n d a n t  d a ta  (Y^)
Quar te r ly  and annual  cash-flow plus semantically 
r e d u n d a n t  d a ta  [(m; + Mg)/2 ]
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TABLE 19 
CONTRASTS AND TEST STATISTICS
Null Hypothesis C o n t ra s t Test  S ta t i s t ic
Ho1 M3 -  Mfl S 0 5 .8280*
Ho1a -  ps < 0 4 .8141*
H0 1S M, -  M4 * 0 2.1880**
V M3 -  p, < o 4 .3998*
Ho2a Ma -  Mg i  o 5 .0885*
Ho2o Ml -  ^ o 0.7267**
Hq3 M9 -  Mj = o -0 .9785**
Ho3. Me - m5 = o 0.0171**
Ho3* m7 -  m4 = o -2 .4941**
Ho4 [m, - <M4 +  Mj)/2] - -3 .4735**
[M2 -  (Ms + Mj)/2] < o
Ho4a ( p ,  -  m4> "  ( Mj -  M5 ) *  0 -3 .9286**
_ .... H ^ ( M l  “  M O  “  (m- "  M o )  i  0 -2 .4749**
* Signif icant  at  a -  .01. 
** Not s ignif icant .
Resui ts  of Hypothesis  Tes ts  
Primary null h y p o thes is  1 (HQ1) s t a t e s  t h a t  th e  e r r o r  metric  of the  
da ta  se t  composed of cash-f low d a ta  and syn tact ica l ly  r e d u n d a n t  accounting  
acc ru a l s  will be l a rg e r  than  th e  e r r o r  metr ic  of th e  da ta  se t  composed of 
only cash-flow data. The hypo th es is  t e s t  p rov id es  s t ro n g  s u p p o r t  ag a in s t  
th i s  null hypo thes is .  This  r e s u l t  ind ica tes  th a t  syn tac t ica l ly  r e d u n d a n t  
accoun t ing  acc rua ls  p o sse s s  pragmatic  information. Rejection HQ1 p rov id es  
d i rec t  s u p p o r t  for  the  theory  of the  pragm atic  information of accounting
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a c c r u a l s  and ind i rec t  s u p p o r t  fo r  th e  th eo ry  of th e  funct ion  of accounting  
accrua ls .
Examination of two se co n d a ry  null h y p o th e s e s  assoc ia ted  with HQ1 
yield f u r t h e r  in s igh t  on th e  pragmatic  information of syn tac t ica l ly  
r e d u n d a n t  accoun t ing  accrua ls .  The f i r s t  secondary  null h y p o thes is  (HQ1a) 
is conce rned  with th e  pragmatic  Information of syn tac t ica l ly  r e d u n d a n t  
accoun t ing  acc ru a l s  in annual  financial s ta te m e n ts  while th e  second 
secondary  null h y po th es is  (HQ1 focuses  on th e  pragmatic  information of 
syn tac t ica l ly  r e d u n d a n t  accounting  acc ru a l s  in q u a r t e r ly  financial 
s ta tem en ts .  The r e s u l t s  of the  h y p o th es is  t e s t s  p rov ide  s t r o n g  ev idence  
th a t  syntact ica l ly  r e d u n d a n t  accounting  acc ru a l s  in annual  financial 
s ta te m e n ts  have pragmatic  information while no t h e r e  is no ev idence  to 
s u p p o r t  t h e  ex is tence  of pragmatic  information of t h e s e  acc rua ls  in 
q u a r t e r ly  financial s ta tem en ts .  These r e s u l t s  imply t h a t  annual  
syn tac t ica l ly  r e d u n d a n t  accounting  acc rua ls  have  value in ex ternal  financial 
re p o r t in g  and th a t  q u a r t e r ly  syn tac t ica l ly  r e d u n d a n t  accounting  acc ru a l s  
do not have  value in ex ternal  financial repo r t ing .
The second pr imary  null h y p o thes is  (HQ2) s t a t e s  th a t  th e  e r r o r  metric  
of th e  da ta  se t  composed of cash-flow da ta  and semantically r e d u n d a n t  
accounting  acc ru a l s  will be l a rg e r  than  th e  e r r o r  metric  of th e  d a ta  s e t  
composed of cash-f low d a ta  only.  The r e s u l t s  of th e  h y p o th es is  t e s t  
p rov ide  s t r o n g  ev idence  aga ins t  th i s  null h ypo thes is .  The re jec t ion  of HQ2 
ind ica tes  t h a t  semantically r e d u n d a n t  accoun t ing  acc ru a l s  have  pragmatic  
information.  Rejection of HQ2 also p rov id es  d i rec t  s u p p o r t  fo r  the  th eo ry  
of th e  pragmatic  information of  accounting  acc ru a l s  and ind irec t  s u p p o r t  
fo r  the  th e o ry  of th e  func t ions  of accounting  accrua ls .
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The r e s u l t s  p ro v id e  ev idence  re la ted  to th e  two se co n d a ry  null 
hyp o th ese s  assoc ia ted  with HQ2. No s u p p o r t  Is g e n e ra te d  fo r  th e  f i r s t  
se co n d a ry  null h y p o th e s is  (HQ2a) which focuses  on th e  p r ig m a t i c  information 
of semantically r e d u n d a n t  accoun t ing  acc ru a l s  in annual  financial 
s ta tem ents .  The r e s u l t s  p rov ide  no ev idence  ag a in s t  th e  second secondary  
null h y p o th es is  (H0 2 j,) which is conce rned  with t h e  pragmatic  Information 
of semantically r e d u n d a n t  accounting  acc ru a l s  in q u a r t e r ly  financial
s ta tem ents .  Thus th e  r e s u l t s  indicate  th a t  semantically r e d u n d a n t  
accounting  acc rua ls  have pragmatic  information in annual  financial 
s ta tem en ts  and  contain no pragmatic  information in q u a r t e r ly  financial
s ta tem ents .  The implication of th e se  r e s u l t s  is t h a t  annual  semantically 
r e d u n d a n t  accounting  acc ru a l s  have  value in ex ternal  financial rep o r t in g  
and  th a t  q u a r t e r ly  semantically r e d u n d a n t  accounting  acc ru a l s  do not have 
value in ex ternal  financial r ep o r t in g .
The r e s u l t s  of t e s t in g  pr imary  re s e a rc h  hy p o th eses  1 and 2 s u g g e s t  
t h a t  account ing  acc ru a ls  have  pragm atic  information In th e  context  of th is
s tu d y .  These  r e s u l t s  a re  c o n t r a ry  to th e  position e sp oused  by some
b u s in e s s  t h e o r i s t s '3. Accounting accrua ls ,  however , may not have value 
in all b u s in e s s  s i tua t ions .  Research examining th e  pragmatic  information 
of accounting  acc ru a l s  in va r ious  s e t t i n g s  may enable  the  ref inement  of the  
theo ry  of th e  pragmatic  Information of accounting  accruals '*.
13 For example, see  Copeland and Weston (1988).
'* For  example, r e s e a rc h  may in v es t ig a te  th e  value of account ing  
acc rua ls  in managerial ,  tax, and  aud i t ing  se t t in g s .  The r e s u l t s  of th e se  
s tu d ie s  would enable  r e s e a r c h e r s  to ref ine  the  theo ry  of th e  pragmatic  
information of accounting  accrua ls .
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Two proposi t ions  could explain th e  d i f fe rence  in p ragm atic  
information p o ssessed  by annual  accoun t ing  acc ru a l s  and  q u a r t e r ly  
accounting  accrua ls .  The f i r s t  proposi t ion Is th a t  m anagers  u se  account ing  
acc ru a l s  to  smooth Income1*. If  a c c ru a l s  a r e  manipulated to Induce 
ch an g e s  in income, th e  re la t ionsh ip  between acc ru a l s  and f u t u r e  cash  flows 
would be d i s to r ted .  The fac t  t h a t  q u a r t e r ly  financial s ta te m e n ts  a r e  not 
aud ited  while annual  financial s t a te m e n ts  a re  is t h e  bas is  for  th e  second 
proposi t ion.  Audited financial s ta te m e n ts  presum ably  a re  s ignif icantly  more 
rel iable  th an  unaud i ted  financial s t a t e m e n t s 18. Consequently ,  a  su b s tan t ia l  
d i f fe rence  may exis t  between th e  s t r e n g t h  of t h e  re la t ionship  between 
annual  accounting  acc ru a l s  and f u t u r e  cash flows and th e  s t r e n g t h  of th e  
re la t ionsh ip  between q u a r t e r ly  accounting  acc ru a l s  and f u t u r e  cash  flows. 
The fac t  t h a t  q u a r t e r ly  financial s t a te m e n ts  a r e  u naud i ted  may induce  
m anagers  to  e n g ag e  in income smoothing behavior  for  q u a r t e r ly  r e p o r t s .  
F u r t h e r  r e sea rch  inves t iga t ing  t h e  lack of pragmatic  information in 
q u a r t e r ly  accounting  acc ru a l s  Is needed.
The th i rd  pr imary null h y p o th es is  (HQ3) s t a t e s  t h a t  no d i f fe rence  will 
exis t  be tween th e  e r r o r  metr ics  of th e  da ta  s e t  composed of cash-f low da ta  
p lus  syntac t ica l ly  r e d u n d a n t  accounting  acc ru a l s  and th e  e r r o r  metric of 
th e  da ta  se t  composed of cash-f low d a ta  p lus semantically r e d u n d a n t  
accounting  accrua ls .  The h y p o th es is  t e s t  g e n e r a te s  no ev idence  aga ins t  
Hfl3. This r e s u l t  ind ica tes  th a t  no d i f fe rence  exis ts  between th e  amount of
15 See Watts and  Zimmerman (1986, 144-146) fo r  a d iscuss ion  of th e  
smoothing hypothes is .
11 This r e sea rch  does not examine th e  pragmatic  information o r  
reliabil ity of audited  financial s ta tem en ts  o r  u naud i ted  financial s ta tem ents .  
F u tu r e  r e s e a rc h  could focus on th e s e  a reas .
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pragmatic  information of syntac t ica l ly  r e d u n d a n t  accoun t ing  acc ru a l s  and  
semantically r e d u n d a n t  accoun t ing  accruals .
The two se co n d a ry  null h y p o th e s e s  associated with null hy p o th es is  
3 (H0 3|  and H ^ )  focus  on d i f fe rences  be tween th e  pragmatic  information of 
syn tact ica l ly  r e d u n d a n t  and semantically r e d u n d a n t  accounting  acc ru a l s  in 
annual  financial s ta tem en ts  (H0 3a) and q u a r t e r ly  financial s ta tem en ts  ( H ^ ) .  
The r e s u l t s  of th e  h y p o thes is  t e s t s  p rov ide  no ev idence  a g a in s t  t h e se  null 
h y p o th e s e s  indicat ing  th a t  t h e  pragmatic  information in syn tac t ica l ly  
r e d u n d a n t  accoun t ing  acc rua ls  c o r r e s p o n d s  in m easure  to  th e  pragmatic  
information In semantically r e d u n d a n t  accounting  acc rua ls  in both annual  
and q u a r t e r ly  financial s ta tem ents .  Although syn tac t ica l ly  r e d u n d a n t  
accounting  acc ru a l s  and semantically r e d u n d a n t  accounting  acc ru a l s  do not 
display d i f f e re n t  levels  of pragmatic  information in th i s  s tu d y ,  r e s e a rc h  
examining d i f f e ren t  m easures  of pragmatic  information may reach  d i f fe ren t  
conclusions.
Primary null h y p o thes is  4- (HQ4) s t a t e s  t h a t  th e  d i f fe rence  between 
th e  accrual  accounting  da ta  e r r o r  metr ics  and th e  cash-flow da ta  e r r o r  
metr ic  will e i th e r  inc rease  o r  remain unch an ged  as  th e  financial s ta tem en t  
time frame increases .  No ev idence  re fu t in g  th i s  null h y p o th es is  Is 
gene ra ted .  The r e s u l t s  s u p p o r t  the  concept  t h a t  accounting  acc rua ls  
contain  more pragmatic  information In annual  financial s ta tem en ts  than  in 
q u a r t e r ly  financial s tatements'*.
'* If th e  expected  re la t ionship  between th e  pragmatic  information 
co n ten t  of accounting  acc rua ls  and th e  financial s ta tem en t  time frame is 
posit ive, then  t h e  t e s t  r e s u l t s  of HQ4 and Hfl4a a re  s ign i f ican t  a t  overall  
a=.01. These r e s u l t s  indicate  th a t  annual  accounting  acc rua ls  conta in  a 
g r e a t e r  amount of pragmatic  information th an  q u a r t e r ly  accounting  
accrua ls .
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The r e s u l t s  also fail to  r e j e c t  s e co n da ry  null h y p o th eses  HQ4a and 
Failure  to r e j e c t  HQ4a implies t h a t  the  pragmatic  information of 
syn tac t ica l ly  r e d u n d a n t  account ing  acc ru a l s  does  not d e c rea se  a s  the  
financial s ta tem en t  time frame increases .  The lack of ev idence  aga ins t  H04̂  
s u g g e s t s  t h a t  a nega t ive  re la t ionsh ip  between th e  pragmatic  information of 
semantically r e d u n d a n t  accoun t ing  acc ru a l s  and th e  financial s ta tem en t  time 
frame does not  exist.
A possible  explanat ion of t h e  r e s u l t s  of t e s t in g  HQ4, HQ4a, and HQ4  ̂ is 
re la ted  to th e  d iscussion  of income smoothing and aud i ted  v e r s u s  u naud i ted  
financial s ta tem en ts .  If accoun t ing  a cc ru a l s  a re  used  to smooth q u a r t e r ly  
income and a re  less rel iable  th an  th e i r  aud i ted  (annual)  c o u n te r p a r t s ,  then  
q u a r t e r ly  accounting  acc rua ls  may be a so u rc e  of sy n ta c t ic  noise in th e  
cash-flow fo recas t in g  process .  An explanation for  the  d if fe rence  in 
pragmatic  information conta ined  in annual  and q u a r t e r ly  acc ru a l s  is t h a t  
a u d i t s  r ed uce  the  noise  In accoun t ing  d a ta  and  t h u s  inc rease  th e  rel iabil ity  
of t h e  data .  The re la t ionsh ip  between a u d i t s  and th e  reliabil ity of 
accounting  d a ta  should  be inves t iga ted  f u r t h e r .  The possibil i ty  ex is ts  th a t  
q u a r t e r ly  accounting  acc ru a l s  induce  sy n ta c t ic  noise  into t h e  cash-flow 
fo recas t ing  p rocess  a t  a level h ig h e r  th an  the  noise  level to le ra ted  by 
neural  ne tw orks .  An inord ina te ly  high level of sy n ta c t ic  noise in q u a r t e r ly  
accrual  d a ta  would explain th e  r e s u l t s  ob ta ined  for  HQ4, HQ4a, and HQ4b. 
Ascer ta in ing  th e  amount of sy n ta c t i c  noise in q u a r t e r ly  accounting  acc ru a l s  
involves d iscover ing  t r u e  values  of q u a r t e r ly  accrua ls .  The diff iculty  in 
de te rmining  t r u e  va lu es  of q u a r t e r ly  accounting  acc ru a l s  for  th e  sample 
f irms would be extreme. F u r t h e r  r e s e a rc h  in t h i s  a re a  may clar ify  th e  
si tuat ion.  Table 20 summarizes t h e  r e s u l t s  of all h y p o thes is  te s ts .
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TABLE 20
RESULTS OF HYPOTHESIS TESTS
Null Hypothesis Results
H0 1 : Syntact ica lly Redundan t  Accrua ls—All Data Reject
HoV Syntact ica lly Redundan t  Accrua ls—Annual Data Reject
HoV Syntact icallyData
Redundan t  Accruals—Quarte r ly Fail to Reject
H0 2: Semantically Redundan t  Accruals—All Data Reject
H0 2 t : Semantically Redundan t  Accrua ls—Annual Data Reject
V b : SemanticallyData
Redundan t  Accrua ls—Q uar te r ly Fail to Reject
Hq3: Syntact ica lly
Semantically
Redundan t  Accruals Versus  
Redundan t  Accrua ls—All Data
Fail to Reject
H0 3. : Syntact icallySemantically
Redundan t  Accruals  Versus 
Redundan t  Accruals—Annual Data
Fail to Reject
W Syntact ica llySemantically
Data
Redundan t  Accruals  Versus 
Redundan t  Accruals—Quarter ly
Fail to Reject
HQ4: Annual Time Frame V ersu s  Quar te r ly  Time 
Frame—All Data
Fall to Reject
HoV Annual Time Frame Versus  Quar te r ly  Time 
Frame—Syntact ica lly  Redundan t  Accruals
Fail to Reject
Ho4 b: Annual Time Frame V ersu s  Quar te r ly  Time 
Frame—Semantically Redundan t  Accruals
Fail to Reject
CHAPTER 5  
SUMMARY AND CONCLUSIONS
This c h a p te r  summarizes th e  s t u d y  and d i s c u s se s  th e  co n tr ib u t io n s  
and  limitations of th e  s tu d y .  Avenues  of f u t u r e  r e s e a rc h  a re  also 
cons idered .  The f i r s t  sect ion  co n ta in s  a review of th e  s tu d y .  The second 
sect ion focuses  on implications of th e  s tu d y .  The th i rd  sect ion delineates  
limitations of th e  s tu d y .  The final sect ion s u g g e s t s  a re a s  of f u t u r e  
r esea rch .
Summary of th e  S tudy  
The theo ry  of th e  fu n c t io ns  of accounting  acc ru a l s  and the  th eo ry  
of th e  p ragm atic  information of accounting  acc ru a l s  form th e  core  of th is  
s t u d y .  The th eo ry  of th e  fu n c t ion s  of accoun t ing  acc ru a l s  s t a t e s  th a t  
accoun t ing  acc ru a l s  fall into one  of two general  ca tegor ies :  syntac t ica l ly  
r e d u n d a n t  accoun t ing  acc ru a l s  o r  semantically r e d u n d a n t  accounting  
accrua ls .  The th eo ry  of th e  pragm atic  Information of accounting  acc ru a l s  
s t a t e s  t h a t  accounting  acc ru a l s  have  pragmatic  information because  of th e i r  
funct ions .  A h y p o th es is  associated with th e se  th eo r ie s  a s s e r t s  t h a t  th e  
pragmatic  information of account ing  acc rua ls  d e c re a se s  as  the  financial 
s ta tem en t  time frame increases .  Four  primary and e igh t  secondary




Cash-flow and accrual  d a ta  were ob ta ined  from COMPUSTAT for  a 
sample  of f i rm s and were p rov ided  to  a  neural  ne twork to  g e n e ra te  
f o re c a s t s  of  cash  flows from o pera t ions .  The fo recas ted  cash  flows were 
th e n  used to  calculate  an e r r o r  metric  t h a t  funct ioned  as  a  m easure  of 
p ragmatic  information. A v a r ia n t  of th e  Bonferronl  p r o c e d u re  was used to 
d e tec t  d i f fe ren ces  be tween means of e r r o r  metr ics  and  to t e s t  th e  re sea rch  
hypo th eses .  The r e s u l t s  of th e  h y p o th es is  t e s t s  indicated th a t  
syn tac t ica l ly  and semantically r e d u n d a n t  accounting  acc ru a l s  contain 
pragmatic  information. Tes ts  of s e co nd a ry  re s e a rc h  hypo th eses ,  however, 
p rov ided  ev idence  t h a t  only annual  accounting  acc ru a l s  conta in  pragmatic  
information. Hypothesis  t e s t s  also indicated t h a t  no d i f fe rence  exis ts  
between th e  pragmatic  information conta ined  in syn tact ica l ly  r e d u n d a n t  
accoun t ing  acc ru a l s  and  th e  pragmatic  information conta ined  in semantically 
r e d u n d a n t  accounting  accrua ls .  Finally, t h e  r e s u l t s  of h y p o thes is  t e s t s  
p r e s e n te d  no ev idence  of a  nega t ive  re la t ionsh ip  between th e  pragmatic  
information of accounting  a c c ru a l s  and t h e  financial s ta tem en t  time frame.
Implicat ions
Accounti n g acc ru a l s  have  been used for  a t  I e a s t  150 years ' .  
T h ro ug h ou t  t h e  h is tory  of accoun t ing  accrua ls ,  no th eo r ie s  of th e  func t ions  
of accounting  acc rua ls  or  th e  va lue  of accoun t ing  acc rua ls  have  been 
proposed .  Bedford (1965, 29) e sp ou sed  t h e  need fo r  th e o r ie s  of accrua ls :
For example, see  Watts and  Zimmerman (1986) fo r  a d iscuss ion  of 
th e  in t roduc t ion  of deprecia t ion  to  th e  rai lroad in d u s t r y  in th e  1840s and 
1850s.
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. . . t h e r e  a p p e a r s  to  be no sa t i s fac to ry  explanation of the  n a tu r e  of 
th e  accrual  concept ,  nor a r e  su f f ic ien t  r ea so ns  s e t  fo r th  explaining 
why it  should  be  used ,  and  th e r e  ex is ts  no overal l a u th o r i ta t iv e  
s ta tem en t  indicat ing where t h e  concep t  should  be used ,  o r  how the  
accrual  is to  be computed.  . . .
F u r th e r ,  t h e r e  shou ld  be some general ized  s ta tem en t  of i ts  [ th e  
acc ru a l ’s] n a tu r e  to  simplify t h e  concept  and t h u s  c o n t r ib u te  to  an 
u n d e r s t a n d in g  of accoun t ing  measurements .  Until th e  concept  Is s ta ted  
in general ized terms,  confusion will exis t  In th e  minds of many.
The primary con tr ibu t ion  of th i s  s tu d y  is th e  provision of two 
general  th eo r ie s  of accounting  accrua ls :  th e  th eo ry  of th e  fu n c t ion s  of 
accoun t ing  acc ru a l s  and th e  th eo ry  of th e  pragmatic  information of 
accounting  accrua ls .  The f i r s t  th eo ry  del ineates  accounting  acc ru a l s  into 
two broad c a teg o r ie s  while th e  second theo ry  def ines  the  va lue  of 
accounting  acc ru a l s  in te rm s  of th e i r  funct ions .  This s tu d y  p rov ides  
d i r e c t  ev idence  s u p p o r t i n g  th e  theory  of th e  pragmatic  information of 
accounting  acc ru a l s  and ind i rec t  ev idence  su p p o r t in g  th e  th eo ry  of the  
fu n c t ion s  of accoun t ing  accrua ls .  These th eo r ie s  can be used as  a 
framework in f u t u r e  r e sea rch  inves t iga t ing  accounting  accruals .  The 
th eo r ie s  d i scu ssed  In th i s  s tu d y  can a ss i s t  o th e r  r e s e a r c h e r s  in s u p p o r t in g  
th e  r e s u l t s  of th e i r  s tud ies .
This s tu d y  p ro v id es  ev idence  of pragmatic  Information of annual 
accounting  acc ru a l s  while no ev idence  is g e n e ra te d  s u p p o r t in g  pragmatic  
Information of q u a r t e r ly  accounting  accruals .  This r e s u l t  implies th a t  
annual  accrual  accoun t ing  da ta  is a b e t t e r  p red ic to r  of f u t u r e  cash  flows 
from o p e ra t io n s  th an  cash-f low da ta  while q u a r t e r ly  accrual  accounting  
d a ta  Is not. An explanation Is t h a t  q u a r t e r ly  accrual  accounting  d a ta  is 
s ignif icant ly  noisier  t h a t  annual  accrual  accounting  data . Quar te r ly  
financial s ta te m e n ts  n e v e r  a re  aud i ted  while annual  financial s ta tem en ts  
are .  Audits  may en h an c e  t h e  reliabil ity of annual  accounting  data
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compared to th e  rel iabil ity of q u a r t e r ly  accoun t ing  data .  Research 
inves t iga t ing  th e  va lue  of a u d i t s  is needed  to c lar ify  th is  s i tua t ion .  If  th e  
reliabil ity  of accoun t ing  d a ta  is enhanced  by aud i ts ,  th e  need fo r  a u d i t s  
of q u a r t e r ly  financial s ta te m e n ts  is su g g e s t e d  ( s u b je c t  to  t h e  c o s t -b e n e f l t  
pr inciple) .
Another  explanation fo r  th e  d i f fe rence  between th e  pragmatic  
information of  annual  and  q u a r t e r ly  accoun t ing  acc ru a l s  Is t h a t  m anagers  
u se  acc ru a l s  to  smooth q u a r t e r ly  Income. Managers  p robab ly  do not  smooth 
annual  Income to th e  ex ten t  t h a t  they  smooth q u a r t e r ly  Income because  of 
aud its .  Evidence Indicating re s t r ic t io n  of managerial Income smoothing 
would f u r t h e r  s u p p o r t  th e  va lue  of aud i ts .  Additional r e s e a rc h  is needed 
to in v es t ig a te  th i s  area.
Many accounting  s tu d ie s  have  focused on th e  information con ten t  of 
accounting  acc ru a l s  and th e  Incremental  information con ten t  of  accounting  
a c c ru a l s  o ve r  cash  flows. Resul ts  of t h e s e  s tu d ie s  have  been Inconsis tent .  
A poss ible  explanation of th i s  incons is tency  is th e  a b sence  of a  solid 
th eo ry ,  r e su l t ing  In r e s t r i c te d  general lzabil i ty  a c ro ss  variab les .  The 
a b sen c e  of a  th eo ry  to  d i rec t  r e sea rch  also r e d u c e s  t h e  abili ty of 
r e s e a r c h e r s  to  compare and c o n t r a s t  t h e  r e s u l t s  of th e  v a r io u s  s tudies .  
The th eo ry  of th e  funct ion  of accounting  acc rua ls  and th e  th eo ry  of th e  
pragmatic  information of accounting  acc rua ls  would enh ance  the  cons is tency  
of  v a r iab les  examined in accounting  information s tu d ie s  and promote 
g r e a t e r  comparabil ity a c ro ss  s tud ies .
Information overload is a s ign i f ican t  problem In t h e  d a ta - p r o fu s e  
env ironm ent  of bus iness .  This s t u d y  d em on s t ra te s  a method t h a t  can be 
used to de te rmine  th e  value of accoun t ing  acc ru a l s  in a specif ic  decision
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si tuat ion.  Modifying t h e  m easure  of p ragm atic  information M i l l  facili tate  th e  
u se  of th i s  method in v a r io u s  decision environm ents .
Pas t  a ccoun t ing  r e sea rch  using semlot 1 c c o n ce p ts  focused on s in g u la r  
semlotlc elements,  e .g.,  sy n ta c t ic  Information, semantic  information, o r  
pragmatic  information. This s tu d y  acknowledges  th e  l inkage  between 
semiotic e lements  and def ines  th e  fu n c t io n s  of accounting  a c c ru a l s  In te rm s  
of sy n ta c t ic  and  semantic  information in o r d e r  to m easure  th e  pragmatic  
Information conta ined  In accoun t ing  acc rua ls .  Recognizing th a t  information 
does not co n s is t  exclusively of s u r p r i s e  value, meaning, o r  value  will 
enab le  f u t u r e  accoun t ing  re s e a rc h  to  define  more prec ise ly  th e  
informational a sp e c t s  of accounting  data .
This s tu d y  used  neura l  ne tw orks  as  a methodological tool. Research 
in o th e r  discipl ines has  shown t h a t  neura l  n e tw o rk s  a re  a  useful da ta  
ana lys is  techn ique .  This s t u d y  is one  of  th e  f i r s t  to  u se  a  neural  ne twork 
in accounting  r e sea rch .  A back propaga t ion  neural  ne twork was used in 
th is  r e s e a rc h  to  fo rec as t  cash  flows from opera t ions .  This t y p e  of neura l  
ne twork  can be used  to  fo rec as t  o th e r  accounting  data. O ther  neural  
ne twork  parad igms can be used  in num erous  o t h e r  p a t t e r n  recognition 
s i tua t ions .  For example, a  c o u n te rp ro p ag a t io n  neura l  ne twork can be used 
to  class ify f i rms as  e i th e r  b a n k r u p t  o r  n o n b a n k ru p t ,  a  Kohonen se l f ­
organ iz ing  map Into back p ropaga t ion  neura l  ne twork can be used  for  stock 
m arke t  fo recas ts ,  and  a  probabi l is t ic  neura l  ne twork can be used  to  d e tec t  
f rau d .  Neural n e tw o rk s  comprise  a new and powerful  d a ta  ana lys is
tec h n iq u e  for  account ing  r e sea rch  and  may en hance  th e  abili ty to  
inves t iga te  complex r e s e a rc h  ques t ions .
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Limitations
The f i r s t  limitation of th i s  s t u d y  Is th e  lack of general izabil i ty  of  th e  
r e s u l t s  of th e  s tu d y .  The limited general izabi l i ty  can be a t t r ib u t e d  to 
severa l  f ac to rs .  Because th e  f irms included in th e  s tu d y  were exclusively 
m anu fac tu r ing  fi rms,  th e  r e s u l t s  may not  be genera l tzab le  to 
nonm anufac tu r ing  firms. Data re s t r i c t io n s  placed on the  sample also r e su l t  
in lack of general izabi l i ty .  Only f i rms without ce r ta in  missing d a ta  items 
were included in th e  sample. Firms with more complete r e p o r t in g  p rac t ices  
may d iffer  from firms with less  complete r e p o r t in g  methods. Consequently ,  
t h e  r e s u l t s  may not be general  I zable  to  f i rms excluded from th e  sample 
because  of  missing d a ta  items.
This Is one  of th e  few s tu d ie s  th a t  used semiotic con ce p ts  in an 
accounting  se t t ing .  The th eo ry  needs  to  be t e s ted  in severa l  o th e r  
accounting  s e t t in g s ,  u s ing  d i f f e ren t  methodologies, before  we can validate  
Its c o n s t r u c t s .  This s tu d y  examined th e  use  of account ing  acc ru a l s  in th e  
fo recas t ing  of cash  flows from opera t ions .  External  financial s ta tem ents  
were the  only financial r e p o r t s  cons idered  in th i s  s tu d y .  Accounting 
a cc ru a l s  a r e  used in num erous  s i tua t ions ,  e .g.,  p red ic t ing  b a n k ru p tc y ,  
eva lua t ing  managerial performance,  and  de tec t ing  f r au d ,  and a p p e a r  In 
many forms of r e p o r t s .  The r e s u l t s  of th is  s tu d y  may not extend to  o th e r  
c i rcum s tances  o r  financial r e p o r t s .
Another  c o n s t r a in t  to th e  general izabil i ty  of  th e  r e s u l t s  is th e  time 
period inves t iga ted .  Only da ta  from th e  time period beg inn ing  with th e  
f i r s t  q u a r t e r  of 1986 and  end ing  with t h e  fo u r th  q u a r t e r  of 1988 were  used 
in th e  s tu d y .  The r e s u l t s  of th i s  s t u d y  may not be applicable  to o th e r  
time periods.
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The m easure  of pragm atic  information used  in th i s  s tu d y  may be 
an o th e r  (imitation. The s tu d y  re lies upon th e  Financial Accounting 
S ta n d a rd s  B oard’s  position In S ta tem ent of Financial Accounting Concept No. 
1 which a s s e r t s  th a t  d a ta  th a t  assists financial s ta tem en t u s e r s  in 
fo recas tin g  cash  flows has va lue  (p ragm atic  inform ation). If th e  ability  to 
fo re c a s t  cash  flows does not have  va lue  to  ex te rn a l  financial s ta tem en t 
u se r s ,  th en  th e  conclusions  of th is  s tu d y  a re  te n ta t iv e .
Missing d a ta  r e s t r ic t io n s  necess i ta ted  th e  u se  of t ra in in g  d a ta  th a t  
encom passed s h o r t  time periods . One year  of d a ta  was used  to  t ra in  a 
n eu ra l network* in th e  fo recas tin g  of annual cash  flows and a ran g e  
e x tend ing  from four to  eleven  q u a r t e r s  of da ta  was used  to  t ra in  a  neural 
netw ork in th e  fo recas tin g  of q u a r te r ly  cash  flows. The use  of tra in in g  
d a ta  from longer p e r io d s  of time may re s u l t  in d if fe re n t  conclusions.
Q uarte rly  COMPUSTAT d a ta  Is highly a g g re g a te d .  Annual d a ta  was 
a g g re g a te d  to  th e  same level a s  q u a r te r ly  d a ta  to  p re v e n t  d if fe re n t  levels 
of da ta  ag g reg a t io n  from in fluencing  th e  outcome. However, th e  level of 
ag g reg a t io n  used  may have affec ted  th e  re su l ts .  Less a g g re g a te d  d a ta  may 
contain  levels  of p ragm atic  information d if fe re n t  from th e  levei o f pragm atic  
Information of th e  d a ta  used. D iverse levels  of d a ta  agg reg a tio n , however, 
were not u sed  in th is  s tu d y .
S u g g es t io n s  for F u tu re  Research
This s tu d y  examined th e  ability  of accoun ting  acc ru a ls  to enhance  
th e  accu racy  of fo re c a s ts  of cash  flows from o p era tio ns . In v es tig a tio n  of
1 Neural n e tw o rk s  a re  a developing methodological tool. The 
a p p ro p r ia te n e s s  of u s ing  neura l ne tw o rks  to  p re d ic t  cash  flows m ust be 
viewed with caution.
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acoountlng  a c c ru a ls  in o th e r  s i tu a t io n s , e.g., p red ic tin g  b a n k ru p tc y ,  
eva lua ting  m anagerial perform ance , and  d e tec t in g  f rau d , would in c rease  
knowledge of th e  va lue  of accoun ting  acc rua ls . Examination of th e  
p ragm atic  information of accoun ting  acc ru a ls  in v a rio u s  s i tu a t io n s  would 
re q u i re  th e  use  of d i f fe re n t  m easu res  of pragm atic  information.
The time period  of in te r e s t  In th is  s tu d y  ra n g e s  from 1986 to  1988. 
Extending th e  time period would p ro v id e  additional ev idence  on the  
re la tion sh ip  between th e  p ragm atic  Information of accoun ting  a cc ru a ls  and 
th e  financial s ta tem en t time frame. F u tu re  re se a rc h  also should  explore  
f lu c tu a t io n s  in th e  p ragm atic  information of accoun ting  acc ru a ls  o v e r  a 
period  of time.
Behavioral experim ents  could be used to ind icate  th e  va lue  of 
acco un ting  acc ru a ls  in real world s itua tions . For example, financial
a n a ly s ts  could be re q u ire d  to  fo recas t  cash  flows with both cash-flow  d a ta  
and  accrual accoun ting  data . Designing behavioral experim en ts  to minimize 
th e  in fluence  of th e  sy n ta c t ic  and  sem antic  qua lit ies  of accoun ting  acc ru a ls  
on th e  p ragm atic  information of accoun ting  acc ru a ls  may be difficult.
This s tu d y  examined only the  p ragm atic  Information of accoun ting  
a cc ru a ls .  F u tu re  re s e a rc h  should  isolate and in v es tig a te  th e  sy n ta c t ic  and 
sem antic  information of accoun ting  acc ru a ls .  R esults from th e se  s tu d ie s  
could be used  in con junc tion  with r e s u l t s  from s tu d ie s  on th e  pragm atic  
information of accoun ting  a cc ru a ls  to c o n s t ru c t  com prehens ive  th eo r ie s  of 
information con ta ined  in accoun ting  acc rua ls .
The p ragm atic  information of individual acc ru a ls  should  be s tu d ied  
in th e  fu tu re .  These s tu d ie s  would allow th e  determ ination  of which 
acc ru a ls  a re  most usefu l in specific  s i tua tions .
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Semiotics should  be used  to  examine o th e r  a sp e c ts  of accounting . 
Research  could be cond uc ted  on th e  sy n ta c t ic ,  sem antic , and pragm atic  
information con ta ined  in a g g re g a te d  and d isa g g re g a te d  accoun ting  data. 
Com parisons of th e  Information g e n e ra te d  by d i f fe re n t  accoun ting  m ethods 
also could be made.
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GLOSSARY 1 
SEMIOTICS
Channel. A communication medium.
Channel Capacity. The maximum amount of d a ta  th a t  can be t ran sm it te d  on 
a communication medium.
Communication. "The es tab lishm en t of a so c ia l  u n it  from ind iv iduals , by th e  
sh a red  u sag e  of language  o r  s ig n s"  (C herry  1978, 339).
Conditional Entropy. The a v e ra g e  amount of u n c e r ta in ty  rem aining a f te r  
th e  rece ip t  of a  noisy signal.
Data. ". . . f a c ts  th a t  a re  ob ta ined  th ro u g h  empirical o b se rv a t io n "  (Caspari 
1968, 8).
Entropy. The expected  sy n ta c t ic  information of a  message.
Equivocation. The a v e rag e  amount of sy n ta c t ic  information th a t  can be 
communicated on a noisy channel.
Information. . . th e  r e s u l ta n t  of th e  coord ina tion  of da ta  with knowledge 
when th e  d a ta  a re  sc reen ed , ed ited  and evaluated  fo r  u se  . . 
(Caspari 1968, 8).
Knowledge. " . . .  a  g roup  of well-confirm ed law -like genera liza tion s  which 
re la te  d a ta  to th e i r  env ironm ent"  (Caspari 1968, 8).
Message. "An o rd e re d  selection  from an ag reed  s e t  of s ig n s  . .  . in tend ed  
to  communicate information" (C h erry  1978, 341).
Meta-Language. A language  used  for d e sc r ib in g  o b je c t- ta n g u a g e s .
Object-Language. A language  used  fo r  communication. Not used  for th e  
d esc r ip t io n  of other o b je c t- la n g u a g e s .
Pragmatic Information. In d ica te s  th a t  a  d a ta  item m ust be of va lue  to th e  
rece iver .
Pragmatic Information Theory. The a re a  of sem iotics th a t  en ta i ls  th e  s tu d y  
of th e  e f fe c ts  of Information upon ind iv iduals .
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Receiver. An Individual who rece iv es  a m essage. In some cases , su ch  as 
th e  tran sm iss ion  of m essages betw een com puters , th e  rece iv e r  of a 
m essage may be an ob jec t.
Referent. That which Is re p re se n te d  by a  sign .
Semantic Information. Concerned with th e  re la tionsh ip  betw een s ig n s  o r
sym bols and th e  o b je c ts  o r  ideas th a t  th ey  re p re s e n t .  In o r d e r  for
a d a ta  Item to conta in  sem antic  information, it m ust have  meaning to 
th e  rece iver .
Semantic Inform ation Theory. The b ran ch  of semiotics th a t  involves th e  
s tu d y  of th e  meaning of data .
Semantic Noise. D istortion of a  t ra n sm it te d  message.
Semantic Redundancy. The ex is ten ce  of d a ta  beyond th e  original signal 
th a t  p r e s e n ts  th e  orig inal m essage in a  d i f fe re n t  format.
Semiotics. The s tu d y  of s igns . Semiotics encom passes sy n ta c t ic  
information th e o ry ,  sem antic  information th eo ry ,  and pragm atic  
information th eo ry .
Sign. "A transm iss ion , o r  c o n s t ru c t ,  by which one  organism  a ffec ts  th e  
behav io r o r s ta te  of an o th e r ,  in a communication s itua tion"  {Cherry 
1978, 342).
Signai. "The physical embodiment of a m essage" (C h erry  1978, 342).
Syntactic Information. In d ica te s  th a t  th e  c o n te n t  of a  m essage o r  d a ta  item 
should  be unknow n to th e  rec e iv e r  before  th e  m essage is received . 
This c h a ra c te r is t ic  also is known as  s u r p r i s e  value.
Syntactic Inform ation Theory. The a re a  of sem iotics th a t  c o n ce rn s  th e  
s tu d y  of the  p robab il i t ie s  of o c c u r re n c e  of even ts .
Syntactic Noise. Distortion of communication signals .
Syntactic Redundancy. The ex is tence  of da ta  beyond th a t  needed to 
convey a m essage.
GLOSSARY 2
NEURAL NETWORKS
Adaptive Coefficients. The v e c to rs  of w eights of p rev io u s  com putations 
t h a t  a re  s to re d  in local memory of p ro ce ss in g  e lem ents and a re  used 
to  modify su cceed in g  com puta tions (Hecht-Nielsen 1988).
Back propagation. A ty p e  of lea rn ing  law th a t  p ro p a g a te s  e r r o r  backw ard  
th ro u g h  a neura l netw ork  in th e  p ro c e ss  of a d ju s t in g  th e  adap tiv e  
coefficients .
Connection. The e lec tron ic  c o u n te r p a r t  of d e n d r i te s ,  axons, and sy n a p se s .  
I t s  p u rp o se  is to  p ro v id e  a signal transm iss ion  pathw ay between 
p rocess in g  e lem ents (Hecht-Nielsen 1988).
In p u t Layer. The laye r  of p ro cess in g  elem ents th a t  is Initially p re sen te d  
data .
Learning  Law. An equation  th a t  de te rm ines  th e  rev is ion  of th e  ad ap tive  
coeff ic ien ts  a s  a  func tion  of th e  in p u t  v a lues  and (sometimes) of a 
feedback  value  supp lied  by th e  t r a n s f e r  function . This enab les  th e  
sy s tem  to modify itse lf  in o r d e r  to  p ro v id e  o u tp u t  va lues  more 
closely re la ted  to  th e  d es ired  o u tp u t  (feedback  value) and to 
s t r u c tu r e  information within itself , and th e re b y  learn  (Hecht-Nieisen 
1988).
Middie Layer. The lay e r(s )  of p ro cess in g  e lem ents between th e  Inpu t layer 
and o u tp u t  layer.
O utput Layer. The final layer  of p ro cess in g  e lem ents th a t  p ro d u ce s  an 
o u tp u t.
Processing Element. The e lec tro n ic  c o u n te r p a r t  o f a  neuron.
Threshotd. A c o n s ta n t  th a t  s c re e n s  o u t  b a ck g ro u n d  noise ( ins ign if ican t 
stimuli) and  whose va lue  is d e p en d e n t  upon th e  expected  o r  actual 
level of th e  noise (Caudill November 1988).
Transfer Function. A function  th a t  de te rm ines th e  o u tp u t  of a p rocess ing  
element In re sp o n se  to  th e  in p u ts  and th e  ad ap tiv e  coefficients.
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Weight A s in g le  ad ap tiv e  coefficien t (v e c to r  elem ent) within a  p ro cess ing  
element th a t  is assoc ia ted  with a  s in g le  in p u t  connection . The weight 
d e te rm ines  th e  m agnitude  of th e  connection  (Hecht-Nielsen 1988). A 
w eight may be e i th e r  excita to ry  o r  inh ib ito ry , depend ing  on th e  s ign  
(+,-) associated  with th e  weight. A w eight Is th e  c o u n te r p a r t  of th e  
s t r e n g th  (w eigh t)  of a sy n a p se  in th e  brain .
APPENDIX 1
SYNTACTIC REDUNDANCY OF ACCRUAL 
FINANCIAL STATEMENTS
Because conditional e n tro p y  Is equal to  th e  rem aining u n c e r ta in ty  
a f te r  rece iv ing  a noisy s igna l, e.g., cash-flow  re p o r t s ,  th e  amount of 
sy n ta c t ic  information conveyed  by accoun ting  a cc ru a ls  m ust be less  th an  
o r  equal to th is  amount (some amount of u n c e r ta in ty  is always assoc ia ted  
with financial s ta tem en ts) .  T herefo re , th e  amount of sy n ta c t ic  information 
tran sm it te d  by accrual financial s ta te m e n ts  can be r e p re s e n te d  by:
(41.1) I  = A -  N + (CE - U)
w here 7 Is th e  total sy n ta c t ic  information conveyed , A is th e  e n tro p y
(expected  sy n ta c t ic  information from a no ise less  channe l) ,  N is th e  sy n ta c t ic  
noise induced by periodic  r e p o r t in g  u n d e r  a  sys tem  of cash  re c e ip ts  and
cash  d isb u rse m en ts  and  o th e r  so u rc es ,  and  CE -  U is th e  conditional
e n tro p y  of period ic  cash-flow  re p o r t s  minus any u n c e r ta in ty  a f te r  accrual 
a d ju s tm e n ts  ( th is  final term  r e p re s e n ts  th e  amount of sy n ta c t ic  information 
conveyed  by th e  a c c ru a ls )1. The amount of sy n ta c t ic  noise and rem aining 
u n c e r ta in ty  v a ry  depend ing  on specific  c ircum stan ces ,  su ch  a s  the  num ber
1 Note th a t  in th is  equation  N = CE. T hese te rm s will be d ro pped  
la ter . Also note th a t  U can also be th o u g h t  of a s  conditional e n tro p y . 
Recognize th a t  in th is  s tu d y ,  a  d is tinc tion  is made between th e  conditional 
e n tro p y  of period ic  cash-flow  re p o r ts  ( r e p re s e n te d  in equation  A1.2 by 
u p p e r  case  le t te r s )  and  th e  conditional e n tro p y  of period ic  financial 
s ta te m e n ts  on an accrua l bas is  ( r e p re s e n te d  h e re  by U and  la te r  In 
eq u a tio n s  A1.4 and A1.5 by lower case  le t te rs ) .
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of incomplete cash t ra n s a c t io n s  a t  th e  financial r e p o r t in g  c u t-o f f  da te  and  
th e  perfo rm ance  (or n o n -p erfo rm an ce)  and e x te n t  of an aud it. 
E quations 2.1 and  2.3 can be used  to  extend equation  A1.1 to:
(AJ.2) /  -  £  P, log - t  * £  F{XrY) tog — ±—  - s - u
U1 Pi t j  *1*11 ^
w here th e  f i r s t  term  on th e  r ig h t  r e p r e s e n ts  expected  sy n ta c t ic  information
from a no ise less  channel ( e n t ro p y —equation  2.1), th e  second term  on th e
r ig h t  r e p r e s e n ts  th e  maximum amount of u n c e r ta in ty  th a t  could be removed
by acco un ting  a c c ru a ls  (conditional e n t r o p y —equation  2.3), th e  th ird  term
on th e  r ig h t  r e p r e s e n ts  the  amount of sy n ta c t ic  noise th a t  is Induced by
periodic  re p o r t in g  u n d e r  a sys tem  of cash  rec e ip ts  and cash  d isb u rse m e n ts
and  o th e r  so u rces , and th e  final term  on th e  r ig h t  r e p r e s e n ts  any
rem aining u n c e r ta in ty  not removed by accoun ting  acc rua ls . S ince th e
second and th ird  term  a re  equ iva len t, th e  equation  simplifies to:
(Ai.3) /  > £  p, log 1  - u
1-1 P i
Since th e  second term  on th e  r ig h t  of th e  equa tion  can be defined  a s  th e  
conditional e n tro p y  rem aining a f te r  accoun ting  acc rua ls , e q u a t io n s  2.3 and 
A 1.3 can be used to d e r iv e  th e  final form of th e  equation :
(A1A) I .  £  , ,  log J- - £  p(x0y) log — 1—
m  p , v  '  p i * r \ y j
which was p rev ious ly  defined a s  equivocation .
Based on th is  defin ition of th e  sy n ta c t ic  Information of accrual 
financial s ta te m e n ts ,  e q u a tio n s  2.4 and A1.4 can be used  to  define  th e  
amount of sy n ta c t ic  red u n d a n cy  (from all so u rces ,  including  accoun ting  
acc ru a ls )  In tho se  s ta tem en ts :
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w here  Cm Is th e  channel capac ity  of th e  financial statements*.
* It  should  be noted th a t  th e  channel capacity  of th e  method of 
communicating financial s ta te m e n ts  v a r ie s  dep en d ing  upon th e  
communication medium used.
APPENDIX 2  
NEURAL NETWORKS
Neural Networks: A Brief Theoretical Discussion 
Neural n e tw o rk s  a re  co m pu te rs  th a t  a re  p a t te rn e d  a f te r  the  c e reb ra l  
co rtex  and co n seq u en tly ,  a re  composed of a  complex net of many re la tive ly  
simple p ro cess in g  e lem ents and p ro ce ss  information in the  same m anner as  
th e  human b ra in , i.e., in paralle l. T hus, many of th e  th e o r ie s  of th e
information p ro ce ss in g  cap ab ili ties  of th e  b ra in  also app ly  to neural 
ne tw orks .
S y n tac tic  information th e o ry  can  be used  to  I l lu s tra te  one of th e  
most in te re s t in g  of a neural n e tw o rk ’s c h a ra c te r is t ic s :  th e  ability  to  learn . 
S y n tac tic  information th eo ry  s t a te s  th a t  th e  Information of a  m essage about 
th e  o c c u r re n c e  of an e v e n t  is log 1/p, w here p  is th e  p robab ility  of th e  
e v e n t  o c c u rr in g .  W henever t h e r e  ex is ts  a s e r ie s  of possib le  e v en ts ,  the  
expected  sy n ta c t ic  information of a  m essage re la ted  to  th is  se r ie s  of e v e n ts  
is called e n tro p y  and  Is defined  as:
(^2-1) Y  P, io« 1
( - 1  Pi
fo r a d efin ite  m essage (a m essage Indica ting  which of the  e v e n ts  o c c u r re d )  
w here  p, is th e  p robab ility  of th e  o c c u r re n c e  of th e  even t. The expected  
Information of a nondefin ite  m essage (a m essage th a t  ind ica te s  ch an g e s  in 
th e  p rob ab ilit ies  of e v e n ts )  is:
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(*2.2) E  «, tog ^
(-1 P |
w here  0 j Is th e  rev ised  p robab ility  and  Pj Is th e  orig inal p robab ility . 
T hus, sy n ta c t ic  Information th e o ry  d e s c r ib e s  th e  human b ra in 's  p ro cess in g  
of sy n ta c t ic  information in te rm s  of p robab ilit ies . P robab ili t ie s  o r  w eigh ts  
also can be used  to d e sc r ib e  th e  information p ro ce ss in g  c h a ra c te r i s t ic s  of 
neu ra l n e tw orks .
T here  a re  o th e r  c h a ra c te r i s t ic s  th a t  d is t in g u ish  neura l ne tw o rks  from 
o th e r  technology . Neural n e tw o rk s  may be viewed as a  ty p e  of assoc ia tive  
memory th a t  is capab le  of a d a p t iv e  p a t te rn  recognition  (Pao 1989). This 
means th a t  th e  system  asso c ia te s  in p u t  p a t te r n s  with th e  d es ired  o u tp u t  
p a t t e r n s  and  modifies th e  m apping from inpu t to  o u tp u t  a s  environm ental 
f e a tu re s  change . Thus, when new p a t te rn s  a re  in p u t,  th e  system  o u tp u ts  
th e  d es ired  o u tp u t  even  if th e  re la tionsh ip  between in p u ts  and o u tp u ts  has 
sh if ted  (Wasserman and  Schw artz  1988). The sys tem  also can p ro d u ce  th e  
d es ired  o u tp u t  from a fragm en ted  or partia lly  in c o rre c t  inpu t.  T herefore , 
a neural ne tw ork  can be more accu ra te ly  d esc r ib ed  a s  a  c o n te n t-  
a d d re s s a b le  assoc ia tive  memory ( th e  same as  th e  b ra in )  (Allman 1987). Alt 
p ro cess in g  in a  neural netw ork  is perform ed with r a th e r  simple p ro cess ing  
elem ents, similar to  n e u ro n s  in th e  b ra in . What the  neu ra l netw ork  
paradigm  a ttem p ts  to  dem ons tra te  Is how re la tive ly  slow, simple p rocess ing  
e lem ents can be used  to solve complex problem s rap id ly  and  reliably 
(R oberts  1988).
Robert Hecht-Nletsen (1988, 37) sum m arizes th e  im portan t e lem ents of 
neu ra l n e tw o rk s  in th e  following s ta tem en t which d e sc r ib e s  th e  field of 
neurocom puting  as:
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. . . th e  en g in e e r in g  d isc ip line  conce rned  with nonprogram m ed ad ap tiv e  
in fo rm ation -p ro cess ing  sy s tem s  - n eu ra l  n e tw o rk s  -  t h a t  develop 
a sso c ia tions  ( t ran sfo rm a tio n s  o r  m appings) betw een o b je c ts  in re sp o n se  
to  th e i r  env ironm en t. In s tead  of be ing  given  a s t e p - b y - s t e p  p ro c e d u re  
fo r  c a r ry in g  o u t  th e  d es ired  transfo rm ation , th e  neura l netw ork  Itself 
g e n e ra te s  i ts  own in te rn a l  ru le s  g o v e rn in g  th e  associa tion , and re f in e s  
th o se  ru le s  by com paring i ts  r e s u l ts  to  th e  examples. T hrough  tria l 
and  e r ro r ,  th e  ne tw ork  lite ra lly  te a c h e s  itse lf  how to  do  th e  task . 
Neurocom puting Is a  fundam enta lly  new and d i f fe re n t  Information -  
p ro ce ss in g  parad igm  -  th e  f i r s t  a l te rn a t iv e  to  algorithm ic p rocess in g .
Neural n e tw o rk s  may be c lassified  a s  e i th e r  u n su p e rv ise d  learn ing  
ne tw o rk s  o r  s u p e rv is e d  lea rn in g  ne tw orks . U n sup erv ised  lea rn ing  en ta ils  
p rov id in g  d a ta  to  th e  netw ork  with no feedback  a s  to how th e  netw ork  
should  c lass ify  th e  p a t te r n s  p re s e n t  in th e  d a ta—th e  netw ork  e s tab l ish es  
re la tio n sh ip s  among th e  d a ta  items, d isc rim ina tes  p a t te rn s ,  and c re a te s  its  
own c a teg o r iza t io n 1. In su p e rv ise d  lea rn ing , a feedback  value informing
1 P a t te rn  recognition  and  classifica tion  a re  not th e  only capab ili ties  
of neura l n e tw orks . Severa l ty p e s  of ne tw ork  parad igm s have been 
developed, each fo r  a  specific  ty p e  of problem. A netw ork  paradigm  is th e  
c o n sequ ence  of th e  combination of p ro ce ss in g  elem ent neu ro -d y n am ics  and 
netw ork  a rc h i te c tu re  (Kllmasauskas 1988). P rocess ing  element n e u ro -  
dynam ics a re  th e  r e su l t  of th e  combined e ffe c ts  of th e  way th a t  In p u ts  a re  
combined, how th e  ac tiva tion  level is used  to  p ro p a g a te  an o u tp u t ,  and  th e  
way th e  lea rn ing  law ch an g e s  th e  w eigh ts assoc ia ted  with th e  p rocess ing  
e lem ents (Kllmasauskas, 19B8). Network a rc h i te c tu re  encom passes th e  
p a t te rn  and s t r u c tu r e  of th e  connec tions, the  use  o r  nonuse  of feedback , 
th e  u se  o r  n onu se  of competition among p ro cess in g  elem ents, and th e  flow 
of information th ro u g h  th e  ne tw ork  (Kllmasauskas 1988). T hus, th e  k inds  
of problem s th a t  a  p a r t ic u la r  ne tw ork  can  solve usually  depend  on what 
netw ork  parad igm  Is used  (Klimasauskas 1988). Although each paradigm  is 
d i f fe re n t  from all o th e r s ,  netw ork parad igm s can be c lassified  by function  
Into fo u r  general ty p e s  (Bayle 1988):
P a t te rn  Associator. P a irs  of p a t te r n s  a re  used to tra in  th is  ca teg o ry  of 
neu ra l netw ork  which lea rn s  to assoc ia te  in p u t  p a t t e r n s  with c o rre sp o n d in g  
o u tp u t  p a t te rn s .  C onsequently , th e  ne tw ork  re sp o n d s  with th e  a p p ro p r ia te  
o u tp u t  p a t te rn  when p re se n te d  with an in p u t  p a t te rn .
Auto Associator. This c la ss  of neural ne tw ork  is t ra in e d  with complete d a ta  
p a t t e r n s  and has th e  ability  to  o u tp u t  a complete p a t te rn  when p re se n te d  
with an  incomplete portion  of an orig inal p a t te rn  o r  a  complete p a t te rn  
similar to  an orig inal p a t te rn .
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th e  netw ork  how to  c lass ify  th e  d a ta  p a t te rn  is given to  th e  netw ork  in 
con jun c tion  with th e  assoc ia ted  d a ta  p a t te rn s .  The netw ork  then  
e s ta b l ish e s  re la t io n sh ip s  among th e  d a ta  Items in a m anner c o n s is te n t  with 
t h e  feedback .
Neural n e tw o rk s  a re  t ra in e d  th ro u g h  th e  u se  of a t ra in in g  se t .  A 
t ra in in g  s e t  c o n s is ts  of h istorical da ta  th a t  is re le v an t  to th e  c lassification  
decision th a t  th e  netw ork  will be making. T rain ing  d a ta  should  co n s is t  of 
a s  many re le v an t  d a ta  p a t t e r n s  a s  poss ib le  In o r d e r  to  a s s u re  th a t  th e  
netw ork  will have  no d ifficu lty  in making c la ss if ica tions  once tra in in g  is 
complete. Each d a ta  p a t te rn  should  co n s is t  of a s  many re le v an t  d a ta  items 
a s  poss ib le  In o r d e r  to  a s s u r e  th a t  no information useful in d iscrim inating  
among c la s se s  is m issing. Once t ra in in g  is complete, new d a ta  p a t te r n s  a re  
compared to  th e  d a ta  p a t te r n s  p rev ious ly  Input, th e  netw ork de term ines 
which p a t te rn  th e  new d a ta  most closely f its , and a c lassification  decision 
is made based  on association  of th e  new d a ta  p a t te r n  with th e  t ra in in g  se t 
d a ta  p a t te rn s .  Any information p rov ided  by th e  new d a ta  is inco rpo ra ted  
Into th e  neura l ne tw ork  and Is used in de te rm in ing  the  c lassifica tion  of 
f u tu r e  d a ta  se ts .
C lassification Builder. Data p a t te rn s  and th e i r  co rre sp o n d in g  ca teg o rie s  
a re  u sed  to  t ra in  th is  ty p e  of neura l netw ork. A fter t ra in in g  is complete, 
th e  ne tw ork  is ab le  to  ca tegorize  d a ta  p a t t e r n s  similar to  th o se  used  in 
t ra in in g .
R egu larity  Detector. This ca tego ry  of neura l ne tw ork  o p e ra te s  in th e  
u n su p e rv is e d  mode (no feedback) and a ttem p ts  to  locate prom inent 
re la t io n sh ip s  in d a ta  se ts .  Because no feedback  Is used , no t ra in in g  tak e s  
p lace with th is  ty p e  of netw ork.
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Neural Network Components
The a rc h i te c tu r e  of neu ra l n e tw o rk s  is p a t te rn e d  a f te r  th e  human 
b ra in . Comparing and  c o n tra s t in g  th e  a rc h i te c tu r e  of neura l n e tw o rk s  with 
th a t  of th e  human b ra in  can  d e sc r ib e  th e  Information p rocess in g  
c h a ra c te r i s t ic s  of neura l n e tw o rk s  and th e i r  limitations.
The b ra in  is composed of a  v a s t  ne tw ork  of in te rco nn ec ted  
p ro ce ss in g  e lem ents called n e u ro n s .  Ind iv idual n e u ro n s  by them selves a re  
not in te lligen t, b u t  when connec ted  to  each o th e r ,  th ey  become very  
in te l l igen t  (Allman 1987). Each neu ron  is composed of (1) d e n d r i te s ,  a 
b ran c h in g  se t  of f ib e r s  th a t  receive  s ig n a ls  from o th e r  n e u ro n s ,  (2) a cell 
body, and (3) axons, a n o th e r  s e t  of f ib e r s  th a t  t ran sm it  s ig n a ls  to o th e r  
n eu ro n s . Between th e  axons of one n eu ron  and th e  d e n d r i te s  of a n o th e r  
a re  minute, a d ju s ta b le  connec tions  called sy n a p se s ,  which can be e i th e r  
excita to ry  o r  Inh ib ito ry  In n a tu re .  When a neuron  rece iv es  inpu t s ign a ls  
a t  i ts  d e n d r i te s ,  a  pu lse  is p rodu ced  th a t  t r a v e ls  th ro u g h  its  axons. If 
th e  sy n a p se  a t  th e  end of th e  axon is exc ita to ry , th e  pu lse  ra te  is 
increased . If th e  sy n a p se  is inh ib ito ry , th e  pu lse  ra te  is decreased . The 
pu lse  ra te  o u tp u t  by th e  neu ron  also d e p e n d s  on th e  s t r e n g th  of th e  inpu t 
signal and  th e  s t r e n g th  (w eigh t)  of th e  sy n a p se  (Howard, Jacket, and  Graf 
1988).
It is estim ated  th a t  th e  human b ra in  co n ta in s  between ten  billion and 
one  trillion  n e u ro n s ,  each of which can be connected  to  between one 
th o u san d  and one h u n d re d  th o u sa n d  o th e r s  (Allman 1987). These 
connec tions  betw een n e u ro n s  d e g e n e ra te  and  re g e n e ra te  o v e r  time. Thus, 
old con nec tions  d e te r io ra te  and  new conn ec tion s  form with d if fe re n t  
n e u ro n s  o v e r  a period of time.
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Neural n e tw o rk s  conta in  e lem ents th a t  c o rre sp o n d  to  many of th e  
b ra in 's  com ponents a lthough  th e s e  com ponents a re  simplified compared to  
th e i r  b rain  c o u n te rp a r t s .  These simplified elem ents, how ever, a re  su ff ic ie n t  
to  p ro v id e  a  p rac tical simulation of some of th e  b ra in 's  mechanisms. The 
following items a re  th e  major com ponents of neura l ne tw orks:
(1) Processing element: The e lec tron ic  c o u n te rp a r t  of a neu ro n , sometimes 
r e fe r re d  to  a s  a  neu rode . P rocess ing  e lem ents have no control o v e r  what 
in p u t  Is p re s e n te d  to  them an d  th u s  re a c t  to, r a th e r  th an  c re a te ,  th e i r  
env ironm en t (Caudill F e b ru a ry  1988). P ro cess ing  e lem ents co n s is t  of small 
am ounts of local memory and p ro cess in g  power (Hecht-Nielsen 1988). The 
e lec tron ic  com ponent used  a s  a  p ro cess in g  element is t rad itiona lly  a 
r e s is to r ,  a lthough  many o th e r  form s of p ro cess in g  e lem ents recen tly  have 
a p p ea re d ,  e .g ., silicon h y d r id e  compounds, "slices" of time, g ro u p s  of 
digita l t r a n s is to r s ,  and digital g a te s  a t  th e  c ro ssp o in t  of co n d u c to rs  
(Hecht-Nielsen 1988).
(2) Connection: The e lec tron ic  c o u n te rp a r t  of d e n d r i te s ,  axons, and 
sy n a p se s .  I t s  p u rp o se  is to  p ro v id e  a signal transm iss ion  pathw ay between 
p ro ce ss in g  e lem ents (Hecht-Nielsen 1988). Connections do not change , as 
do th e i r  b ra in  c o u n te rp a r t s .  T here fo re , th e  d eg ree  of conn ec tiv i ty  between 
p ro cess in g  e lem ents in neura l ne tw o rks  is genera lly  q u ite  high in o r d e r  to 
allow fo r  sim ulated d egen e ra tio n  and reg en era tio n . The d eg en e ra tio n  and 
re g e n e ra t io n  of connections can be sim ulated with lea rn in g  laws p u r s u a n t  
to  which th e  w eigh ts between p ro cess in g  e lem ents f lu c tu a te ;  a  d ec rease  in 
th e  ab so lu te  va lue  of a  weight to  0 r e p r e s e n ts  a d egenera tio n  and an 
in c rease  in th e  abso lu te  va lue  of a  w eight from 0 r e p r e s e n ts  a 
reg en e ra tio n . Although th is  is no t biologically accu ra te ,  It is much e a s ie r
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to  c o n s t ru c t  th is  ty p e  of sys tem  th en  a t ru e - to -b io lo g y  mode) (Caudltl 
F e b ru a ry  1989).
(3) Adaptive coefficients: The v e c to rs  of w eigh ts of p rev io u s  com putations 
th a t  a re  s to re d  in local memory and  a re  used  to  modify succeed ing  
com puta tions (Hecht-Nieisen 1988). The varia tion  of th e  ad ap tiv e  
coeffic ien ts  in re sp o n se  to  in p u t  d a ta  is what p ro v id es  th e  capability  to 
lea rn ; th i s  is similar to  th e  sy n ta c t ic  information th e o ry  co n cep t of ch an g e s  
in p rob ab ilit ies  re su l t in g  In information. C apacito rs  a re  o ften  used  to  
implement th e s e  w eight v e c to r s  in neural ne tw orks .
(4) Weight: A s ing le  a d ap tiv e  coeffic ien t (v ec to r  elem ent) within a 
p ro cess in g  element th a t  is a ssoc ia ted  with a  s ing le  Inpu t connection. The 
w eight d e te rm ines  th e  m agnitude  of th e  connection (Hecht-Nielsen 1988). 
A weight may be e i th e r  excita to ry  o r  inh ib ito ry , depend ing  on th e  sign  (+ 
o r  - )  assoc ia ted  with th e  weight. This is th e  c o u n te r p a r t  of th e  s t r e n g th  
(w eight) of a sy n a p se  in th e  brain .
(5) Transfer function : A function  th a t  de te rm ines  th e  o u tp u t  of a 
p ro ce ss in g  element in re sp o n se  to  th e  in p u ts  and th e  a d ap tiv e  coefficients. 
I t is also known a s  th e  activa tion  func tion  and  in many cases  is a 
sigmoidal function  (Caudill Ju n e  1988), a  hard  limiter function , o r  a 
th re sh o ld  logic func tion  (Bayle 1988). The t r a n s f e r  function  inc ludes the  
sy s te m ’s  lea rn ing  law (Hecht-Nielsen 1988) and  is normally fixed at th e  time 
a netw ork  is c o n s t ru c te d  (Caudill F e b ru a ry  1988),
(6) Learning law: An equation  th a t  d e te rm in es  th e  rev is ion  of th e  a d ap tiv e  
coeffic ien ts  a s  a function  of th e  in p u t  v a lues  and (sometimes) of a feedback 
va lue  supp lied  by th e  t r a n s f e r  function . This enab les  th e  system  to  
modify i tse lf  In o r d e r  to p ro v id e  o u tp u t  va lues  more closely re la ted  to the
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d es ired  o u tp u t  and to  s t r u c tu r e  information within itself, and  th e re b y  learn  
(Hecht-Nielsen 1988).
L earning  within a  netw ork  can be e i th e r  s u p e rv is e d  o r  u n su p e rv lse d .  
S u p e rv ise d  lea rn in g  implies th a t  feedback  is p re se n te d  to  th e  netw ork  
d u r in g  t ra in in g  to  ind ica te  th e  d es ired  o u tp u t  fo r a given se t  of in p u ts .  
U n su p erv lsed  lea rn ing  Ind ica tes  th a t  th e  ne tw ork  has no feedback of 
d e s ired  o u tp u t s  and t h u s  has to  s t r u c tu r e  i ts  o u tp u t  based  only upon th e  
in p u t  t ra in in g  s e ts  (Caudill F e b ru a ry  1988),
(7) Threshold: A c o n s ta n t  th a t  s c r e e n s  o u t  b a ck g ro u n d  noise ( ins ign if ican t 
stimuli) and whose va lue  is d e p e n d e n t  upon th e  expected  o r  actual level 
o f th e  noise  (Caudill November 1988).
These items c a p tu re  th e  e ssen ce  of th e  b ra in 's  function ing ; however, 
s in ce  r e s e a rc h e r s  do not to ta lly  u n d e rs ta n d  how th e  brain  works, all of th e  
fu n c t io n s  and  elem ents of th e  b ra in  canno t be inco rpo ra ted  into a neu ra l 
ne tw ork . A neural netw ork  is not a p e r fe c t  rep lica  of a b ra in , a lthough  
it may reasonab ly  sim ulate  Its information p ro cess in g  mechanisms.
Neural Networks V ersus Conventional Com puters 
Neural Networks d iffe r  from conventional com p u te rs  in severa l ways. 
F irs t ,  n eu ra l  ne tw o rk s  d iffe r  from conventional co m pu te rs  in th e ir  
a rc h i te c tu re .  The n uc leus  of a conventional com puter is generally  one (or 
more) extrem ely complex p rocess in g  element which a d d re s s e s  an a r r a y  of 
memory locations w here  d a ta  and in s t ru c t io n s  a re  se p a ra te ly  s to red .  It 
th en  fe tc h e s  an in s tru c t io n  and any d a ta  re q u ire d  by th a t  in s tru c tio n , 
execu tes  th e  in s tru c t io n ,  and  th en  s to re s  th e  re su l t  back in memory. 
Thus, conventional com pu te rs  a re  basically sequen tia l :  e v e ry th in g  o c c u rs  
in a de te rm in is tic  se q u en c e  of o p e ra tio n s  (Caudill December 1987).
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A lterna tive ly , neura l n e tw o rk s  a re  n e i th e r  sequen tia l nor
de te rm in is tic . They do not execu te  in s t ru c t io n s  as much as  th ey  behave  
o r  r e a c t  to  Input. They a re  composed of a la rge  num ber of extrem ely 
simple p ro cess in g  e lem ents  and do not have a s e p a ra te  memory for s to r in g  
data . These p ro ce ss in g  e lem ents do not execu te  a s e r ie s  of in s t ru c t io n s ,  
b u t  re sp ond  in parallel to  in p u ts .  The final r e s u l t  is not s to re d  in a 
memory location, b u t  c o n s is ts  of th e  overa ll s ta te  of th e  sys tem  a f te r  It has 
reached  an equilibrium  condition (Caudill December 1987). Thus,
Information in a  neu ra l netw ork  is s to re d  both in th e  way th e  p rocess ing  
e lem ents a re  connected  and  in th e  w eigh ts associated  with each p rocess ing  
element. Neural ne tw ork  a rc h i te c tu re s  may be en tire ly  e lec tron ic , e le c tro -  
optical o r  to ta lly  optical (Hecht-Nielsen 1988).
Although th e  a rc h i te c tu re s  and  o p e ra t io n s  of neura l n e tw o rk s  and 
conventional co m p u te rs  a re  q u i te  d i f fe re n t ,  neura l n e tw o rk s  can perform  
th e  same ty p e s  c f  t a s k s  normally associated  with conventional com puters . 
Conventional com p u te rs  can also sim ulate  neu ra l ne tw orks . S ince a 
conventional com puter can be c o n s t ru c te d  from exdus ive -o r  g a te s  (g a te s  
th a t  a r e  on when exactly  one of two Inpu ts  is o n —off o therw ise ) ,  and
exd u s ive -o r  g a tes  can be c o n s t ru c te d  inside  neura l n e tw orks , it follows
th a t  a  conventional com puter  can be bu ilt  Inside a ( la rge)  neu ra l ne tw ork . 
Thus, neura l n e tw o rk s  can perform  th e  ty p e s  of ta s k s  genera lly  executed  
by conventional com pu te rs  (R oberts  1988). And a ithough  conventional 
com p u te rs  can sim ulate  a  neura l ne tw ork , th e  p ro cess in g  o c c u rs  
sequen tia l ly ,  a s  opposed  to  parallel, and co nsequen tly ,  th e  simulation will 
be slower th an  a t r u e  neural netw ork  (R oberts  1988).
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Neural n e tw o rk s  also a re  genera lly  more e ff ic ien t In th e  perform ance 
of a ta sk  th a n  conventional com puters . This phenomenon is th e  re s u l t  of 
th e  sp e c ta c u la r  speed  a t  which neura l n e tw o rk s  o p e ra te .  Because neura l 
n e tw o rk s  o p e ra te  much f a s t e r  th an  conventional com puters , th e  num ber of 
g a te -se c o n d s  needed  by a neura l ne tw ork  to  perform  a  task  is much lower 
th a n  th e  num ber of g a te -se c o n d s  re q u ire d  by a conventional com puter 
(R oberts  1988). However, many problem s a re  s u b je c t  to  th e  von Neumann 
b o tt len eck —th ey  a re  not n a tu ra lly  parallel. Thus, if th e s e  ty p e s  of 
problem s a re  solved In a  neura l ne tw ork , th e  system  o ften  ru n s  only as 
fa s t  (and t h u s  will be only a s  e ff ic ien t)  a s  a  conventiona l, serial com puter 
(Wasserman and S chw artz  1987).
Neural ne tw o rk s  also a re  much more to le ra n t  of noise In th e  inp u t 
d a ta  th an  a re  conventional com puters . while conventional oom puters 
re q u ire  p rec ise  in p u ts  to  p ro d u ce  th e  d e s ired  o u tp u ts ,  it has  been 
estim ated  th a t  neura l n e tw o rk s  can e ffec tive ly  o p e ra te  with in p u t  noise 
levels  as  h igh  as  30 o r  40 p e rc e n t .  Thus, neu ra l n e tw o rk s  can e x tra c t  
ideal o u tp u t  from less  than  ideal in p u t  (Wasserman and Schw artz  1988).
Neural n e tw o rk s  can o p e ra te  with damage to  as many as  15 p e rc e n t  
of th e i r  p ro ce ss in g  elem ents. This much damage to  a  conventional 
com puter would be d isa s t ro u s .  In fac t,  damage to  as little  a s  one p e rc e n t  
of a conventional c o m p u te r 's  c irc u i ts  will p ro bab ly  p re v e n t  i ts  op era tion  
(Allman 1987).
Neural n e tw o rk s  a re  b e s t  a t  so lving ty p e s  of problem s th a t  a re  
d iff icu lt fo r conventional com puters , and conventional co m pu te rs  a re  best 
a t  solving ty p e s  of problem s th a t  a re  d iff icu lt fo r  neura l ne tw orks . 
Generally, neura l n e tw o rk s  a re  good a t  solving problem s at which hum ans
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excel, such  as u n d e rs ta n d in g  co n tin uou s  language  o r  recognizing  p a t te rn s .  
Conventional com pu te rs  a re  not ve ry  good a t perform ing  th e se  ty p e s  of 
ta s k s .  However, conventional com puters  excel a t  a rithm etic  and  logic, a re a s  
in which neura l ne tw orks  (and hum ans) a r e  notably  defic ien t (Allman 1387).
Programming a neura l com puter d if fe r s  from program m ing a 
conventional com puter. Traditional, autom ated information p ro cess in g  is 
based  upon John  von Neumann’s "glorified ad d in g  machine" concept (H echt- 
Nielsen 1988). Programming a conventional com puter  en ta ils  th e  detailing 
of specific  s t e p - b y - s t e p  In s t ru c t io n s  for th e  com puter to  execute. If th e  
problem is not th o ro u g h ly  u n d e rs to o d , no program  can be w ritten , and th e  
problem canno t be solved with a conventional com puter.
The "program m ing" of neura l ne tw orks , however, en ta ils  p rov id ing  th e  
netw ork  In p u ts  and e i th e r  te lling  it what th e  o u tp u t  should  be o r  le tt ing  
it de term ine  th a t  fo r  itself. The netw ork  d e te rm ines  th e  re la tionsh ip  among 
th e  In p u ts  by i tse lf—s te p - b y - s t e p  in s t ru c t io n s  a re  not needed. The only 
a lgorithm s th a t  need to  be p ro v ided  a re  th o se  Involving t r a n s f e r  fun c tions , 
schedu ling  fu nc tions , lea rn ing  laws, e tc . Only a few program m ing 
languages , includ ing  PS, P anspec , Anspec and Axon, ex is t to  a l te r  th e se  
a lgorithm s (a s  compared to th e  large  num ber available  fo r  conventional 
com puters)  (Hecht-Nielsen 1988).
Neural N etworks V ersus E xpert System s 
Traditional e x p e r t  sy s te m s  a re  based  on th e  concep t th a t  all human 
th o u g h t  p ro c e sse s  involve symbol m anipulations. "T h eo ris ts  believed they  
could simply t r a n s la te  th e  world in to  symbols, m anipulate  th e  symbols, and 
t r a n s la te  th e  re s u l ts  back into th e  lang uage  of th e  real world" (Ailman 
1987, 60). However, ju s t  because  some ty p e s  of th in k in g , su ch  a formal
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logic and a rithm etic , involve symbol m anipulation, it is not reasonab le  to
conclude  th a t  all o th e r  ty p e s  of th in k in g  do also. S c ien t is ts  have
Identified o v e r  100 d if fe re n t  ty p e s  of n e u ro n s  (Kllmasauskas 1988): it Is
poss ib le  th a t  they  do not all p ro c e ss  information In th e  same m anner. 
P e rh a p s  th e  s itu a tion  is th a t  th e  m ajority  of th in k in g  th a t  we do does not 
involve symbol manipulation. If th is  is th e  case , th en  trad itiona l e x p e r t  
sy s tem s th a t  use  symbol m anipu lations to  so lve problem s should  be less 
th an  a d e q u a te  In c e r ta in  domains. This is c e r ta in ly  th e  case. This
problem of ex p er t  sy s tem s  is not solved by simply add in g  more s t r u c tu r e s  
(ru le s ) .  According to  Thompson and Thompson (1987, 27) ‘U nfortunate ly  
we d o n ’t  know how to  make th e s e  s t r u c tu r e s  flexible enough to p rov ide  th e  
kind of ro b u s t ,  g e n e ra l -p u rp o se  in te lligence  most people possess ."  A good 
example of how e x p e r t  sy s tem s fall a t  c e r ta in  re la tive ly  simple t a s k s  (simple 
a t  least fo r hum ans) is re la ted  to th e  S tra te g ic  Defense In itia t ive  (SOI). 
SDI re lies  on th e  assum ption  th a t  sp a c e -b o rn e  com p u te rs  should  be able 
to  d is t in g u ish  ICBMs from dummy w a rh ea d s—from any angle. U nfo rtuna te ly , 
trad itiona l ex p e r t  sy s tem s  a re  not v e ry  good at p a t te rn  recognition  and 
th u s ,  can no t perform  th is  ta sk  ad eq u a te ly . Neural n e tw o rk s  on th e  o th e r  
hand, a re  q u ite  good a t  p a t te rn  recognition . They a re  also  very  good at 
th e  c lassification  of items and , th u s ,  a re  su p e r io r  to  e x p e r t  sy s tem s in 
problem s Involving c lassification: p a t te rn  recognition , co n tin u o u s  speech  
recognition , fo rec as tin g  and modeling, d iagnosis , and so  fo r th .
Neural n e tw o rk s  also have  o th e r  a d v a n ta g e s  compared to  e x p e r t  
sys tem s. For example, e x p e r t  sy s tem s have  severa l d isa d v a n ta g e s  including  
th e  tim e-consum ing n a tu re  of knowledge ex trac tion  [ th is  problem Is known 
a s  th e  Feigenbaum b o tt len eck —not only must p ro g ram s be w ritten , bu t
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knowledge also  m ust be ex tra c ted  from e x p e r ts  (Wasserman and Schw artz
1987)], th e  Inability to  learn , and  u n p red ic ta b le  behav io r o u ts id e  of th e i r  
domain (Bailey, Thompson and Felnste ln  1968). Neural ne tw orks , however, 
do not r e q u i r e  knowledge acqu isition  from o u ts id e  so u rces :  th ey  ob ta in  
th e i r  knowledge from th e  d a ta  i tse lf  and can  a d a p t  to  c h a n g e s  In th e  da ta  
( learn ). The neura l netw ork  lea rn in g  p ro ce ss  does not mean th a t  th e  need 
fo r  knowledge e n g in e e r s  and e x p e r t s  will be eliminated. E xperts  will still 
be needed  to  ind ica te  re le v an t  d a ta  and  knowledge e n g in e e rs  will be 
needed to  de term ine  how the  d a ta  should  be p re p ro c e s se d  (neu ra l ne tw o rk s  
generally  work b e t te r  with d a ta  th a t  h a s  been p re p ro c e s se d  to em phasize 
im portant re la tionsh ip s) .  Thus, neural ne tw ork s  simplify th e  knowledge 
acquisition  p rocess .  They also  have  th e  ability  to  genera lize  from specific  
examples and have th e  ability  to  d isco v er  complex re la t io n sh ip s  among da ta  
items. Neural ne tw orks  can also  o p e ra te  e ffec tive ly  with noisy in pu t and  
have  contro lled  deg rada tion  In problem s o u ts id e  th e i r  ra n g e  of experience  
(Bailey, Thompson and  Feinste ln  1988).
APPENDIX 3 
8ACKPROPAGATION NEURAL NETWORKS
Back p ropaga tion  is one  of th e  most su ccessfu l neura l netw ork 
parad igm s (Caudill and  B utler 1990). Back p ropaga tion  ne tw orks  m ust 
con ta in  a t  leas t  th r e e  lay e rs  of p ro ce ss in g  elem ents: th e  in p u t  layer, a 
middle iay e r ,  and  an o u tp u t  lay e r  (Caudill Ju n e  1988). The num ber of 
p ro ce ss in g  elem ents In th e  in p u t  laye r  m ust be g re a te r  th an  o r  equal to 
th e  num ber of in p u ts ,  and  th e  o u tp u t  layer  should  have a su ff ic ien t  
num ber of p ro ce ss in g  e lem ents [to en ab le  th e  o u tp u t  of th e  des ired  
resp o n se ]  (Caudill J u n e  1988). Care m ust be tak en , however, in deciding 
how many p ro ce ss in g  e lem ents to  include In th e  middle layer. If too many 
p ro ce ss in g  e lem ents a re  Included, th e  netw ork  will tend  to  memorize 
(g ran d m o th e r)  th e  in p u t  p a t t e r n s  r a th e r  th an  genera lize  th e  c h a ra c te r is t ic s  
of th e  inpu t.  G randm othering  re d u c e s  th e  n e tw o rk 's  ability  to  a d ap t  to 
ch an g in g  conditions a f te r  completion of t ra in in g .  On the  o th e r  hand, if too 
few p ro ce ss in g  e lem ents a re  included, th e  num ber of i te ra t io n s  req u ire d  to 
t r a in  th e  netw ork  will dram atically  Increase , and th e  accu racy  of recall 
p robab ly  will d ec rea se  (Caudill J u n e  1988). Each layer  In th e  netw ork  is 
connected  to th e  immediately p rec ed in g  and  s u b s e q u e n t  layers . However, 
th e r e  a re  no connec tions  betw een p ro cess in g  e lem ents within th e  same 
layer.
T rain ing  of th e  netw ork  Is begun  by random izing all of th e  w eights 
in th e  ne tw ork , except th o se  In th e  Inpu t layer  which a re  se t  to  +1.
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T rain ing  d a ta  is then  p re s e n te d  to  th e  netw ork  and th e  w eights a re  
a d ju s te d  using  th e  Delta Rule1:
m - 1 )
w here  Wm  is th e  w eight v ec to r  a f te r  ad ju s tm en t ,  Wg^  is th e  weight v e c to r  
before  a d ju s tm e n t ,  E is th e  e r r o r  va lue  vec to r  (v a lues  re p re se n t in g  th e  
d if fe ren ce  between th e  d e s ired  re sp o n se  and th e  actual o u tp u t) ,  X is the  
in pu t vec to r , and  0 is a  lea rn in g  c o n s ta n t  th a t  m ust be positive  and less 
th an  1 (Caudill F e b ru a ry  1988). The p ro cess in g  e lem ents in the  middle 
laye r  compute ac tiva tion  fu n c t io n s  based  on th e  d a ta  rece ived  from th e  
Input layer. The ac tiva tion  fu n c tio n s  de te rm ine  th e  ac tiv ity ,  o r  excitation 
level, g en e ra ted  in each p ro ce ss in g  elem ent as a r e s u l t  of in p u t  s ig n a ls  of 
a p a r t ic u la r  s ize  (Caudill J u n e  1988). An activa tion  function  is computed 
a s  follows:
{A3.2) A -  X L W t x JQ
w here IVy is th e  w eigh ts  of th e  /th in p u t  p ro cess in g  element, is th e  
in p u t  fo r  th e  /th in p u t  p ro ce ss in g  element, and A is th e  summed Input. 
The func tion  f(x )  is th e  activa tion  func tion  of th e  p ro cess in g  element 
(Caudill Ju n e  1988).
The activa tion  function  should  a lw ays be sigmoidal fo r  a 
back p ropaga tio n  netw ork . Generally, th e  u p p e r  limit of th e  sigmoid is se t  
to  + 1  and  th e  lower limit is se t  to  e i th e r  0 o r  -1. The exact de ta ils  of th e  
sigmoid, how ever, a re  not Im portant a s  th e  general S -sh a p e  (Caudill Ju n e
1988). The sigmoidal c u rv e  can be e x p re ssed  as:
1 Appendix 4 co n ta in s  a deta iled  d iscuss ion  o f th e  Delta rule.
w here  T is t h e  th re sh o ld ,  X Is th e  Inpu t and  e is th e  mathematical 
exponential c o n s ta n t  (Caudill J u n e  1986).
The va lue  (ac t iv i ty )  g e n e ra te d  by th e  ac tiva tion  func tion  is th e  
o u tp u t  fo r  th e  m idd le -layer  p ro c e ss in g  e lem ents and generally  will be 
betw een 0 and 1 fo r  each  p ro cess in g  element. These o u tp u ts  th en  become 
th e  in p u ts  fo r th e  o u tp u t - la y e r  p ro ce ss in g  elem ents. Each o u tp u t - la y e r  
p ro ce ss in g  element th e n  com putes an ac tiva tion  In exactly th e  same fashion  
a s  th e  m idd le -layer  p ro ce ss in g  elem ents. These then  become th e  o u tp u t  for 
th e  system  (Caudill Ju n e  1988).
The w eigh ts fo r  th e  p ro cess in g  e lem ents a re  th en  a d ju s te d  u s in g  the  
Delta Rule. However, th e  e r r o r  va lue  fo r  th e  middle layer  is un ce r ta in .  
This, In tu r n ,  means th a t  th e  p e rc e n ta g e  of th e  e r r o r  in th e  o u tp u t  layer 
caused  by in co rre c t  p ro ce ss in g  of th e  o u tp u t  lay e r  and  th e  p e rc e n ta g e  
caused  by in c o rre c t  o u tp u t  from th e  middle lay e r  cann o t be de te rm ined . 
To d is t in g u ish  th e se  two potential c a u se s  of o u tp u t- ia y e r  e r r o r ,  the  e r r o r s  
of each o u tp u t - la y e r  p ro cess in g  element a re  t ran sm it te d  back to  th e  
m idd le -layer  p ro cess in g  e lem ents u s ing  th e  same connec tions  and w eights 
a s  th e  middle layer  u sed  to  t ran sm it  i ts  o u tp u ts  to  th e  o u tp u t  layer  
(Caudill Ju n e  1988). An e r r o r  fo r  each m idd le -layer  p ro ce ss in g  element is 
th en  computed based  on i ts  re sp o n s ib ili ty  fo r  th e  o u tp u t  la y e r 's  e r ro r .  
This is computed a s  follows:
(a m ) « , .  / ( / )  x p m  * fi;j
where ey is th e  e r r o r  of th e  /th m idd le -layer p ro cess in g  element and the
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sum is tak en  o v e r  j , w here  j  in d ica te s  th e  yth o u tp u t - la y e r  neurode . The 
term  f* ( I)  Is th e  f i r s t  d e r iv a tiv e  of th e  ac tiva tion  function  of th e  middle- 
lay e r  p rocess ing  elem ent (Caudill J u n e  1988). Based on th e  sigmoidal 
ac tiva tion  func tion  lis ted  ea r l ie r ,  th is  d e r iv a tiv e  is  computed as:
and  s e rv e s  two p u rp o se s :  ( 1 ) it e n s u r e s  th a t ,  a s  th e  o u tp u ts  app roach  0  
and  1 , only small c h a n g e s  o c c u r  and th u s ,  c o n tr ib u te s  to ne tw ork  stab ili ty ;  
and  (2 ) it m odera tes  th e  blame a ss ig n e d  to  th e  m idd le -layer  p rocess ing  
e lem ents and th u s  e n s u r e s  th a t  only small to m odera te  c h an g e s  a re  made 
to  th e  m idd le-layer p ro ce ss in g  e lem ents’ w eigh ts (Caudill Ju n e  1988). After 
th e  e r r o r s  a re  ass ign ed  to th e  m idd le -layer p ro cess ing  elem ents, th e  Delta 
Rule is applied  and th e  w eights a re  a d ju s te d .  The m idd le -layer  e r r o r s  a re  
th en  t ran sm it te d  back to  th e  in p u t  lay e r  and th e  p ro c e ss  co n tin u es  as 
d iscu ssed  above.
A problem with the  backp ro paga tion  lea rn ing  law is th a t  it can 
become s tu ck  In a local minimum. A solution to  th is  problem is to add  a 
momentum term  to  th e  Delta Rule. The momentum term , a, is a c o n s tan t  
t h a t  is multiplied by th e  c h an g e  in th e  weight v ec to r  of th e  p rocess ing  
element from th e  p rev io u s  com putation, (Wm  -  I V ^ J ^ .  Thus, th e  Delta 
Rule becomes (Caudill Ju n e  1988):
(A3.6) / W  - / W ( 1  A X »
<43 . S)
APPENDIX 4  
THE DELTA RULE
The most widely used  neu ra l ne tw ork  lea rn ing  law is th e  Delta Rule 
(o r Least Mean S q uared  T rain ing  Law) developed by B ernard  Widrow and 
Ted Hoff a t  S tan fo rd  U nivers ity  (Caudill F e b ru a ry  1988). This lea rn in g  law 
o p e ra te s  In th e  s jp e r v i s e d  mode which m eans th a t  It p ro v id es  feedback  to 
th e  p ro cess in g  e lem ents re g a rd in g  th e  d es ired  o u tp u t  fo r  a given s e t  of 
in pu ts .  This feedback  value, sometimes called th e  m entor inpu t, should  
have  a w eight of +1 perm anen tly  a ttac h ed  to  it (Caudill F e b ru a ry  1988).
When a p ro cess in g  element Is p re s e n te d  a se t  of in p u t  va lues, it 
com putes an e r r o r  value, £, fo r  th a t  in p u t  se t  by com paring its  actual 
o u tp u t ,  y, to th e  d es ired  o u tp u t ,  Thus, E = Tg -  y. The a d ju s tm e n ts  
th a t  a re  made to  th e  w eights based  on th is  e r r o r  va lue  a re  computed using  
th e  Delta Rule:
M«.1> .  wM ♦
I* I
w here  W is th e  weight vec to r , X is th e  in p u t  v ec to r  and 8  is a lea rn ing  
c o n s ta n t  th a t  must be positive  and  less  th an  1 (Caudill F e b ru a ry  1988).
The lea rn ing  c o n s tan t ,  which is th e  ra te  a t  which th e  c u r r e n t  weight 
v ec to r  s h i f t s  to  th e  Ideal weight vec to r , m ust be less  than  1, o th e rw ise  th e  
Delta Rule will ten d  to  o v e rsh o o t  th is  ideal weight v ec to r  a s  th is  position 
is app ro ached  (Caudill F e b ru a ry  1988). The ideal va lue  of th e  lea rn ing  
c o n s ta n t  also d e p e n d s  on th e  d is tr ib u t io n  of th e  t ra in in g  data . If th e
133
134
t r a in in g  a re  g rou ped  t ig h t ly  to g e th e r ,  th en  a la rg e r  value of 0  (e.g ., . 8  to 
.9) can  be used  th an  if th e  t ra in in g  d a ta  a re  rela tive ly  s c a t te re d  (e.g., .1 
to  .2) (Caudill F e b ru a ry  1988).
The Delta Rule a t tem p ts  to  e n s u re  th a t  th e  total mean s q u a re d  e r r o r  
is minimized In th e  ne tw ork  and  r e s u l ts  in a v e c to r  th a t  Is parallel to  the  
in p u t  vec to r  and  th a t  has a m agn itude  as  defined  in th e  Delta Rule 
equation . The weight v e c to r  is th en  a d ju s te d  by adding  th e  Delta Rule 
v e c to r  to  th e  c u r r e n t  weight v ec to r  (Caudill, F e b ru a ry  1988).
This p ro ce ss  of a d ju s t in g  th e  w eigh ts  can be explained th ro u g h  th e  
u se  of simple geom etric te rm s. According to  Caudill (F e b ru a ry  1988) th e  
a g g re g a te  mean sq u a re d  e r r o r  is a q u a d ra t ic  function  of th e  weight vector. 
C onsequen tly , p lo tt ing  th e  mean sq u a re d  e r r o r  a g a in s t  all possib le  weight 
v e c to rs  y ie lds  a n-dim ensional hyperpa rab o lo id , th e  bottom of which 
r e p r e s e n ts  th e  minimum mean sq u a re d  e r ro r .  The weight v ec to r  associated  
with the  minumum mean sq u a re d  e r r o r  is th e  ideal weight vector.
The Delta ru le  moves th e  c u r r e n t  weight v ec to r  from its  position on 
th e  hyperparabo lo id  toward th e  ideal w eight vec to r  in a neg a tiv e  g ra d ie n t  
fashion. Because th e  n eg a tiv e  g ra d ie n t  Is th e  most d irec t  rou te  to the  
bottom of th e  hyperpa rab o lo id , th e  Delta ru le  minimizes th e  mean sq u a re d  
e r r o r  in th e  most e ff ic ien t m anner possible .
APPENDIX 5 
DECISION MODEL FOR DATA ITEM SELECTION 
Testing th e  th e o r ie s  of th is  s tu d y  re q u ire d  th e  use  of cash-flow  and 
accrual accoun ting  d a ta  re la ted  to  o p e ra t in g  ac tiv it ies . COMPUSTAT 
co n ta in s  num erous accoun ting  d a ta  items assoc ia ted  not only with o p e ra t in g  
ac t iv i t ie s  b u t  also f inanc ing  and  Inves ting  ac tiv it ie s . Four decision ru les  
were u sed  to se lec t  cash-flow  and accrual accoun ting  d a ta  Items re la ted  to 
cash  flows from o p e ra t in g  ac tiv ities .
The f i r s t  decision ru le  was used to choose d a ta  items re p re se n t in g  
a cc ru a ls  from th e  Income sta tem en t.
1. The d a ta  item is used on th e  s ta tem en t of cash  flows ( in d ire c t  
method) to  reconcile  n e t  income to  cash  flows from opera tions .
This decision ru le  re su l te d  in selection  of th e  following accrual items
re la ted  to  o p e ra t in g  flows1:
a. deprecia tion  and am ortization,
b. p rov ision  fo r  losses  on acco u n ts  receivab le ,
c. gain on sa le  of facility ,
d. u n d is t r ib u te d  e a rn in g s  of affilia te,
e. ch an g e  in a cco u n ts  receivab le ,
f. ch an ge  In in v en to ry ,
g. ch an g e  in p repa lo  ex p en ses
h. chang e  in o th e r  c u r r e n t  a sse ts ,
i. chang e  In acc o u n ts  payab le  and a cc ru ed  expenses,
j. change  in income taxes  payable , and
k. chang e  jn o th e r  c u r r e n t  liabilities.
* According to  I j ir i  (1986, 746):
The role of flow a cc o u n ts  . . . is to  explain o r  to  "accoun t f o r ” 
c h a n g e s  in th e  ne t ba lance  in stock  acco u n ts  based  on th e  u n d e rly in g  
c au se s  th a t  a re  cons id ered  to be re sp o n s ib le  fo r  th e  change .
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These acc ru a ls  were matched with d a ta  items on COMPUSTAT. Provision for 
losses on accounts receivable  was eliminated because  It is not a s e p a ra te  
d a ta  item on COMPUSTAT. Change in prepaid expenses could no t be 
calculated  b ecause  prepaid expenses is not an individual d a ta  item on 
COMPUSTAT2. Change in o ther c u rren t assets and change in other cu rren t 
iiabiiities  each  conta ined  a p le th o ra  of acc ru a ls ,  both syn tac tica lly  and 
sem antically  re d u n d a n t ,  and c o n seq u en tly  were not used. The COMPUSTAT 
d a ta  items th a t  co rre sp o n d  to  th e  rem aining a c c ru a ls  a re :
a. dep rec ia tion  and am ortization,
b. sa le  of p ro p e r ty ,  p lan t and equipm ent and  sa le  of in v es tm en ts—loss 
(ga in),
c. eq u ity  In ne t loss (e a rn in g s ) ,
d. acco u n ts  rece iv ab le—d e c rea se  ( in c rease ) ,
e. in v e n to r ie s—d ecrease  ( in c rease ) ,
f. acco u n ts  payable  and acc rued  liab ilities—Increase  (d ec rease ) ,  and
g. Income taxes p ay ab le—in crease  ( d e c r e a s e ) .
The second decision ru le  was used  to  se lec t  d a ta  items re p re se n t in g
a cc ru a ls  from the  balance  sh ee t .
2. The d a ta  item r e p re s e n ts  potential cash  inflows o r  outflow s from 
o p e ra t in g  ac tiv ities .
This decision ru le  re su l ted  in th e  selection  of th e  following accrual items
re la ted  to  o p e ra t in g  stock*:
1 Prepaid expenses a p p e a rs  a s  a s e p a ra te  d a ta  item on annual
COMPUSTAT ta p e s  b u t  does not a p p e a r  on q u a r te r ly  COMPUSTAT tap e s  
because  of d a ta  a g g reg a tio n . The level of d a ta  ag g reg a t io n  used  in th is  
s tu d y  Is equal to  th a t  of q u a r te r ly  COMPUSTAT ta p e s  and , co nsequen tly ,  
prepaid expenses was not available  fo r  u se  in th i s  s tu d y .
1 Accounts receivable— decrease (increase), inventories— decrease
(increase), accounts payable and accrued liab ilities—increase (decrease), 
and income taxes payable— increase (decrease) were not d irec tly  available  
on COMPUSTAT b u t  were ca lcu lated  by s u b t r a c t in g  th e  p rev io u s  p e r io d 's  
balance from the  c u r r e n t  p e r io d ’s  balance.
* Stock acco u n ts  a re  used  to  r e p o r t  a s s e ts  and iiabiiities at th e  end 
of a  fiscal period (I j ir i  19S6).
137
a. a cco u n ts  receivable ,
b. in v en to r ie s ,
c. a cco u n ts  payable  and acc ru ed  liabilities,
d. income taxes  payable,
e. c u r r e n t  portion  of long -te rm  debt®, and
f. d e fe r re d  taxes.
The c o rre sp o n d in g  d a ta  Items on COMPUSTAT are :
a. r ec e iv a b le s—total,
b. in v e n to r ie s—total,
c. a cco u n ts  payab le  and acc ru ed  Iiabiiities,
d. income taxes  payable,
e. d e b t  in c u r r e n t  liabilities, and
f. d e fe r re d  taxes.
The th i rd  decision ru le  was used  to se lec t a  cash-flow  da ta  item and
re f le c ts  th e  fac t th a t  c ash  flows from o p e ra t io n s  may follow a random walk.
3. The d a ta  item can be used  to  c o n s t ru c t  a random walk model of 
cash  flows from opera tion s .
A random walk p ro c e ss  g e n e ra te s  exp ec ta tion s  of f u tu r e  cash  flows th a t
depend  only on th e  p r io r  p e r io d 's  cash  flows. C onsequently  th e  d a ta  item
identified  by th e  th i rd  decision ru le  is:
a. cash  flows from opera tions .
The COMPUSTAT d a ta  item th a t  c o r r e s p o n d s  to th i s  cash-flow  d a ta  item Is:
a. o p e ra t in g  a c t iv i t ie s—n e t cash  flow.
The fo u r th  decision ru le  recog n izes  th e  fac t th a t  fu tu r e  cash flows
can be Influenced by cash  p re se n t ly  on hand. For example, if a sh o r ta g e
of cash  ex is ts ,  paym en ts  to  c re d i to r s  may be delayed. S h o r ta g es  of cash
may also re s u l t  In increased  e f fo r t  in th e  collection of am ounts due  from
custom ers.
Although th is  da ta  item is not d irec tly  re la ted  to  o p e ra t in g  
ac tiv it ies , a  s izab le  amount of d e b t  du e  within a next year  could in fluence 
o p e ra t in g  ac tiv it ie s , e .g ., ex p en ses  could be red u ced  to build  up cash  o r 
th e  e ffo r t  expended  to  collect o v e rd u e  acco u n ts  receivab le  could be 
in c reased .
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4. The d a ta  Item r e p r e s e n ts  cash  on hand.
The d a ta  item iden tified  by th is  decision ru le  is:
a. cash  on hand.
The COMPUSTAT d a ta  Item th a t  c o r re s p o n d s  to  th is  c a s h -b a s is  d a ta  item Is:
a. cash  and s h o r t - te rm  investm ents .
F ig u re  3 sum m arizes th e  decision model u sed  to  se lec t  d a ta  items.
APPENDIX 6
DECISION MODEL FOR CLASSIFYING DATA ITEMS INTO DATA TYPES 
The classifica tion  of d a ta  Items in to  d a ta  ty p e  ca teg o r ie s  followed a 
decision model composed of f ive  decision ru les . The f i r s t  decision ru le  
iden tif ie s  cash-flow  accoun ting  data.
1 . The d a ta  item is not an acco un ting  accrual.
Cash-flow accoun ting  d a ta  in th is  s tu d y  included:
a. cash  and  s h o r t - te rm  In v es tm e n ts1, and
b. o p e ra t in g  a c t iv i t ie s—n e t cash flow.
The second decision ru le  c la ss if ies  ba lance  sh e e t  acc ru a ls  a s  syn tac tica lly  
r e d u n d a n t .
2. The d a ta  item s ig n a ls  a m essage th a t  is not rep o r te d  u n d e r  a
system  of cash  rec e ip ts  and cash  d isb u rsem en ts .
The following a cc ru a ls  were c lass ified  a s  sy n tac tica lly  re d u n d a n t  by
decision ru le  2 :
a. rece iv ab le s—total: s ig n a ls  an amount of cash  th a t  is owed to  th e  
fi rm,
b. a cc o u n ts  payab le  and acc ru ed  liabilities: s ig n a ls  an amount of cash  
th a t  is owed by th e  firm to  v a r io u s  p a r t ie s ,
c. income taxes  payable: s ig n a ls  an amount of cash  th a t  is owed by th e  
firm to  th e  governm ent,
d. equ ity  in n e t  loss (ea rn in g s) :  s ig n a ls  th e  am ount of a  s u b s id ia ry ’s
n e t  income o r  loss th a t  is assoc ia ted  with stock  held by th e  firm,
and
1 S h o r t- te rm  inves tm en ts , an accrua l,  is combined with cash because  
of COMPUSTAT d a ta  ag g reg a tio n .
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e. d e fe r re d  taxes: s ig n a ls  th e  d if fe ren c e  in th e  amount of income taxes 
owed to  th e  governm en t and th e  amount of income taxes th a t  has 
been  expensed .
Decision ru le  3 id en tif ie s  ba lance  sh e e t  a cc ru a ls  th a t  a re  semantically 
r e d u n d a n t .
3. The d a ta  item r e s ta te s  a m essage th a t  is s igna led  u n d e r  a system  
of cash  rec e ip ts  and c ash  d isb u rsem en ts .
This decision ru le  c lass ified  th e  following a cc ru a ls  a s  semantically
re d u n d a n t :
a. In v en to r ie s—total: Cash-flow acco un ting  r e p o r t s  in v en to ry  co s t  a s  
a  d isb u rsem en t .  This accrual initially s ig n a ls  Inv en to ry  cost a s  an 
u nexp ired  cos t  (asse t) .
b. d e b t  in c u r r e n t  liabilities: Cash-flow acco un ting  r e p o r t s  th is  item 
as  a  rece ip t. This accrua l s ig n a ls  th is  item as  a  liability.
c. dep rec ia tion  and am ortization: Cash-flow accoun ting  r e p o r t s  th e  
cos t  of p ro p e r ty ,  p lan t,  and  equipm ent and th e  co s t  of in tang ib le  
a s se ts ,  e .g., re se a rc h  and  developm ent costs , a s  d isb u rse m e n ts  when 
in c u r re d .  This accrual ind ica tes  th a t  th e  exp ira tion  of th e  cost 
o c c u rs  o v e r  a  period  of time and  is a ssoc ia ted  with re v e n u e s  
g e n e ra te d  by th e  costs .
d. sale  of p ro p e r ty ,  p lan t  and equ ipm ent and sa le  of in v es tm en ts—loss 
(gain): Cash-flow accoun ting  r e p o r t s  th i s  Item a s  rece ip t .  This 
accrua l in d ica te s  th a t  fac t  th a t  unexp ired  c o s ts  a re  assoc ia ted  with 
th e  cash  inflows and th a t  the  d if fe ren ce  betw een th e  unexp ired  
c o s ts  and cash  inflows r e p re s e n t  revenue .
The fo u r th  decision ru le  iden tif ie s  syn tac tica lly  r e d u n d a n t  acc ru a ls  re la ted
to  flows2.
4. The d a ta  item r e p re s e n ts  a c h an g e  in a sy n tac tica lly  re d u n d a n t  
ba lance  sh e e t  accrual.
The following syn tac tica lly  r e d u n d a n t  a cc ru a ls  were iden tified  by decision
ru le  4:
2 According to  IJIri (1986, 746):
The role of flow acco u n ts  . . . Is to  explain o r  to  "accoun t for" 
c h a n g e s  in th e  ne t balance in stock  acco u n ts  based  on th e  u n d e rly in g  
cau ses  th a t  a re  co n s id e red  to be re spo nsib le  fo r th e  change.
a. a cc o u n ts  rece iv ab le—d e c rea se  ( in c rease ) ,
b. acco u n ts  payab le  and acc ru ed  liab ilities—Increase  (d ec rease ) ,  and
c. Income taxes  p ay ab le—In crease  (d ec rease ) .
Decision ru le  5 iden tifies  sem antically  r e d u n d a n t  a cc ru a ls  re la ted  to  flows.
5. The d a ta  Item r e p r e s e n ts  a  c h an g e  in a  sem antically  re d u n d a n t  
ba lance  sh e e t  accrua l.
One sem antically r e d u n d a n t  accrua l was iden tified  by decision ru le  5:
a. in v e n to r ie s—d e c rea se  (Increase).
F ig u re  4 sum m arizes th e  decision model used  to ca teg o rize  d a ta  Items into
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